
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 




# 



THE LIBRARY 

OF 

THE UNIVERSITY 

OF CALIFORNIA 

Bduoation 

GIFT OF 

Mrs« T« Urn Bunn 




r 



/^ 



d by Google 



Digitized by Google 



Digitized by VjOOQIC 



dbyGoogk 



M 






Digitized by Google 



byGoogk 



Digitized by VjOOQIC 



ON 



THE CONNECTION 



) THE PHYSICAL SCIENCES. 



k4 

BY MARY SOMERVILLE. ^ 



.^I 



From it^ $ev^a^ Loofioa Edition. 



NEW YORK: ^ 

HARPER & BROTHERS, PUBLISHERS, 
83 CLIFF STREET. 

1846. 



Digitized by Google 



Idttcation 
Add f'f% T.ib. 

GIFT 



d by Google 









EJIEFACE. 



The progress of modem science/ especially 
within the last few years, has been jfemarkable fi>r 
a tendency to simplify the laws of n^GUi'e, and to 
unite detached branches by general pnnctj^s. In ^ 
some cases identity has been proved wherethere 
appeared to be nothing in common, as in the 
electric and magnetic influences ; in others, as 
that of light and heat, such analogies have been 
pointed out as to justify the expectation that they 
will ultimately be referred to the same agent, and^ 
in a]l there exists such a bond of union, that pro-, 
ficiency cannot be attained in any one without i 
knowledge of others. 

Although well aware that a far more extensive 
illustration of these views might have been given, 
the Author hopes that enough has been done to 
show the Connection of the Physical Sciences. 

In order to keep pace with the progress of 
discovery in various branches of the Physical 
Sciences, this book has been carefully revised. 
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CONNECTION OF PHYSICAL SCIENCES. 



INTRODUCTION. 

Science, regarded as the pursuit of truth, must ever 
afford occupation of consummate interest, and subject of 
elevated meditation. The contemplation of the works 
of creation elevates the mipd to the admiration of what- 
ever is great and noble ; accomplishing the object of all 
study, which, in the eloquent language of Sir James 
Mackintosh, **is to inspire the love of truth, of wisdom, 
of beauty — especialty of goodness, the highest beauty 
— and of that supriSte and eternal Mind, which con- 
tains all truth and wisdom, all beauty and goodness. 
By the love or delightful contemplation and pursuit ol 
these transcendent aims, for their own sake only, the' 
mind of man is rsdsed from low and perishable objects, 
and prepared for those high destinies which are ap^ 
pointed for all those who are capable of them." 

Astronomy affords the most extensive example of thd 
connection of the physical sciences. In it arp combined 
the sciences of number and quantity, of rest and mo- 
tion. In it we perceive the operation of a force which 
jB mixed up with everything &at exists in the heavens 
or on earth; which pervades every atom, rules the 
motions of animate and inanimate beings, and is as sen- 
sible in the descent of a rain-drop as in the falls of 
Niagara; in the weight of the air, as in the periods of 
the moon. Gravitation not only binds satellites to their 
planet, and planets to the sun, but it connects sun with 
sun throughout the wide extent of creation, and is thd 
cause, of the disturbances, as well as of the order ot 
nature : since every tremor it excites in any one planet 
is immediately transmitted to the farthest fimits of the 
system, in oscillations, which correspond in their periods 
with the cause producing them, like sympathetic notes 
iu music, or vibrations from the deep tones of an organ. 

The heavens af!brd the most sublime subject of study 
which can be derived from science. The magnitude* 
1 A 
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2 INT^ODUCKON. 

and splendor of the objects, the inconceivable rapidity 
with which they mov^, and the enormous distances 
between them, impress the mind with some notion of 
the energy that maintains them in their motions, with a 
durability to which we can see no limit. Equally con- 
spicuous ia the goodness of the great First Cause, in 
having endowed man with faculties, by which he can 
not only appreciate the magnificence of His works, but 
trace, with precision, the operation of His laws, use' the 
globe he inhabits as a base. wherewith to measure the 
magaitude and distance of the sun and planets, and^ 
make the diameter (Note 1) of the earth's orbit the* 
first step of a scale by which he may ascend to the 
starry firmament. Such pursuits, while they ennoble 
the mind, at the same time inculcate humility, Jiy show- 
ing that there is a barrier which JUQ energy, mental or 
physical, can ever enable us to pass : t£at, however 
profoundly we may penetrate the depths of space, 
there still remain innumerable systems, compared with 
which, those apparently so vast must dwindle into in- 
significance, or even become invisible ; and that not only 
man, but the globe he inhabits — ^nayj the whole system 
of which it forms so small a part — might be annihilated, 
and its extinction be unperceived in the immensity of 
creation. 

A complete acquaintance with physical astronomy 
can be attained by those only who are well versed in 
the higher branches of mathematical and mechanical 
science (N. 2), and they alone can appreciate the ex- 
treme beauty of the results, and of the means by which 
these results are obtained. ' It is nevertheless true, that 
a sufficient skill in analysis (N. 3) to follow the general 
outline — to see the mutual dependence of the different 
parts of the system, and to comprehend by what means 
the most extraordinary conclusions have been arrived 
at, — ^is within the reach of many who shrink fi*om the 
task, appalled by difficulties, not more formidable than 
those incident to the study of the elements of every 
branch of knowledge. There is a wide distinction be- 
tween the degree of mathematical acquirement neces- 
sary for making discoveries, and that which is requisite 
•for under9tandmg what others have done. 
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INTRODUCTION. 8 

Our knowledge of extenml objects is founded upon 
experience, which furnishes &cts; the comparison of 
these facts establishes relations, from which the belief 
that like causes will produce like eifects, leads to gen- 
eral laws. Thus, experience teaches that bodies &11 at 
the surface of the earth with an accelerated velocity, 
and with a force proportional to their masses.' By com- 
parison, Newton proved that the force which occasions 
the fall of bodies at the earth's surface is identical with 
that which retains the moon in her orbit; and he con- 
cluded, that as the moon is kept in her orbit by the 
attraction of the earthy so the planets might be retained 
in their orbits by the attraction of the sun. *By such 
steps he was led to the discovery of one of those powers, 
with which the Creator has ordained, that matter should 
reciprocally act upon matter. 

Physical astronomy is the science which compares 
and identifies the laws of motion observed on earth, 
with the motions that take place in the heavens ; and 
which traces, by an uninterrupted chun of deduction 
from the great principle that governs the universe, the 
revolutions and rotations of the planets, and the oscilla- 
tions (N. 4) of the fluids at theur surfaces ; and which 
estimates the changes the system has hitherto under- 
gone, or may hereafter experience— changes which 
require millions of years for their accomplishment. 

The accumulated efforts x>f astronomers, from the 
earliest davni of civilization, have been necessary to 
establish the mechanical theory of astronomy. The 
courses of the planets have been observed for ages, with 
a degree of perseverance that is astonishing, if we con- 
sider the imperfection and even the want of mstruments. 
The real motions of the earth have been separated 
from the apparent motions of the planets; the laws of 
the planetary revolutions have been discovered ; and 
the discovery of these laws has led to the knowledge of 
tlie gravitation (N. 5) of matter. On the other hand, 
descending from the j)rinciple of gravitation, every mo* 
tion in the solar systeo^ has been so completely explained » 
that the laws of any astronomical phenomena that may 
hereafter occur, are already determined. - 
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SxcTibir I. 

Attraction of a Sphere— Fonn of Celestial Bodies— Terrestrial GnTitotioo 
retains the Moon ia her Orfoit~The Heayenly Bodies move in Conie 
Sectioosr—GraTitation pvoportioaal to Mnis— Gravitatign of the Particlea 
of Matter — Figure uf the Plauets — How it affects the Motions of tbeir 
Satellites— Rotation and Translation impressed by the same Impulse-— 
Motion of the Son and Soiar System. 

It has been proved by Newton, that a particle of mat- 
ter (N. 6) placed without the surface of a hollow sphere 
(N. 7), is attracted by it in the same manner as if the 
mass of the hoUow sphere^ or the whole matter it con- 
tains, were collected into one dense particle in its center. 
The same is therefore true of a solid sphere, which may 
be supposed to consist of an infinite number of concentric 
hollow spheres (N. 8). This, however, is not the case 
with a spheroid (N. 9) ; but the celestial bodies are so 
nearly spherical, and at such remote distances from one 
another, that they attract and are attracted as if each 
were condensed into a single peurticle situate in its center 
of gravity (N. 10) — a circumstance which greatly facili- 
tates the investigation of their motions. 

Newton has shown that the force which retains the 
moon in her orbit, is the same with that which causes 
heavy substances to fall at the surface of die earth. If 
the earth were a sphere, and at rest, a body would be 
equally attracted, that is, it would have the same weight 
at every point of its surface, because the surface of a 
sphere is everywhere equally distant from its center. 
But as our planet is flattened at the poles (N. 11), and 
bulges at the equator, the weight <k the same body 
gradually decreases from the poles, where it is greatest, 
to the equator, where it is least. ' There is^ however, a 
certain mean (N. 12) latitude (N.'l3), or part of the earth 
intermediate between the pole and the equator, where 
the attraction of the earth on bodies at its surface is the 
same as if it were a sphere ; and experienise shows that 
bodies there fall through 16-0697 feet in a second. The 
mean distance (N. 14) of the moon from the earth is 
about sixty times the mean radius (N. 15) of the earth. 
When the number 16*0697 is diminished in the ratio 
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(N. 16) of 1 to 3600, which is the square of the moon's 
ctistaaee (N. 17) from the earth's center, estiniBted in 
terrestrial radii, it is found to be exactly the space th« 
•noon would fall through in the first second of her de* 
scent to the earth, were she not prevented by the cen- 
trifugal force (N. 18^ arising from the velocity with 
which she moves in ner orbit.* The moon is thus re- 
tained in her orbit by a force having the same origin, 
and regulated by the same law, with that which causes 
a stone to fall at the earth's surface. The earth may 
^er^fbre be regarded as the center of a force which 
OEtends to the moon ; and, as experience shows that the 
action and reaction of matter are equal and contrary 
(N. 19)« the moon must attract the earth with an equal 
and contrary force. 

Newtoo also ascertained that a body projeeted (N. 20) 
ifi space (N. 21), wiH move in a conic section (N. 22), n 
attracted by a force proceeding from a fixed point, witn an " 
intensity inversely as the square of the distance (N. 23) ; 
but that any deviation from that law- will cause it to move 
hi a curve of a different nature. Kepler found, by direct 
observation, that the planets descripe ellipses (N. 24^, or 
oval paths, round the sun. Later observations show 
that comets also move in conic sections. It consequently 
follows, that the sun attracts all th».{>lanets and comets 
inversely as the square of their distance^ from his cen- 
ter ; the sun, therefore, is the cent^ of a force extend- 
ing indefinitely in space, and including all the bodies of 
the system in its action. 

Kepler also deduced from observation, that the squares 
of the periodic times (N. 26) of the planets, or the timds 
of their revolutions round tho sun, are proportional to 
the cubes 6f their mean distances from his center 
(N. 26). Hence the intensity of gravitation of all the 
bodies toward the sun is the same at equa^ distances. 
Consequently, gravitatioo is pn^rtional to «he masses 
(N. 27); foTt if the planets and comets were at equal 
distances from the sun, and left to the effects oi gravity, , 
t^y would arrive at his surface at the same time 
(N. 28). The satellitas also gi-avitate to their primaries 
(N. 20) aceordii^to the same law that their primaries 
do to tna ran, Thii% by the law of aotion and reaction, 
a9 



d by Google 



/ 



6 FORM OP PLANETS. 8bot. f. 

each body ia itself the center of an attractive force ezr 
teDding llidefinitely in space, causing all the mutoal dis- 
turbances which render the celestial motions so compli- 
cated, and their investigation so difficult. 

The gravitation of matter directed to a center, and 
attracting directly as the mass, and inversely as the 
square of the distance, does not belong to it when con- 
sidered in mass only ; particle acts, on particle according 
to the same law when at sensible distances from each 
other. If the sun acted on the center of the earth, with- 
out attracting each of its paiticles, the tides would be 
very much greater than they now are, and would also, 
in other respects, be very different. The gravitation of 
< . the earth to the sun results from the gravitation of aU its 
( particles, which, in their turn, attract the sun in the ra- 
) tio of their respective masses. There is a reciprocal 
) action, likewise, between the earth and every particle 
1 at its surface. The earth and a feather mutually attract 
each other in the proportion of the mass of the earth to 
the mass of the feather. Were this not the case, and 
. were any portion of the earth, however small, to, attract 
' another portion, and not be itself attracted, the center of 
'; gravity of the earth would be moved in space by this 
-. action, which is impossible. 

The forms of tl^ planets result from the reciprocal 
attraction of their component particles. A detached fluid 
mass, if at rest, would assume the form of a sphere, 
from the reciprocal attraction of its particles. But if the 
mass revolve about an axis, it becomes fattened at the 
poles, and bulges at the equator (N. 11), in consequence 
of the centrifugal force arising from the velocity of rota- 
tion (N. 30); for the centrifugal force diminishes the 
gravity of tne particles at the equator, and equilibrium 
can only exist where these two forces are balanced by 
an increase of gravity. Therefore, as the attractive force 
is the same on' all particles at equal distances from the 
center of a sphere, the equatorial particles would recede 
. from the center, tiU their increase in number balance 
the centrifugal force by their attraction. . Consequently, 
the sphere would become an oblate, or flattened sphe- 
roid ; and a fluid partially or entirely covering a solid, as 
the ocean and atmosphere cover the earth, must assume 
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that form in order to iemain in equilibrio. The surface 
of the sea is therefore spheroidal, and the sur&ce of the 
earth only deviates from that figure where it rises above 
or sinks below the level of the sea. But the deviation is 
so small, that it is unimportant when compared with the 
magnitude of the earth; for the mighty chedn of the 
Andes, apd the yet more lofty Himalaya, bear about the 
same proportion to the earth that a grain of saud does to 
a globe three feet in diameter. Such is the form of the 
earth and planets. The compression (N. 31) or flatten- 
ing at their poles is, however, so small, that even Jupiter, 
whose rotation is the most rapid, and-therefore the most 
elliptical of the planets, may, frona his great distance, be 
regarded as spherical. Although the planets attract 
each other as if they were spheres, oi% account of their 
distances, yet the satellites. (N. 32) are near enough to 
be sensibly affected in their motions by the forms of 
their primaries. The moon, for example, is so near 
the earth, that the.reciprocal attraction between each of 
her particles, and each of the particles in the prominent 
mass at the terrestrial equator, occasions considerable 
disturbances in the motions of both bodies ; f5r the ac- 
tion of the moon on the matter at the earth^s equator, 
produces a nutation (N. 33) in the axis (N. 34) of rotation, 
and the reaction of that matter on t|^ moon is the cause 
of a corresponding nutation in the lunar orbit (I^. 35). 

If a sphere at rest in space receive an imipulse passing 
through its center ^f gravity, all its parts will move with 
an equal velocity in a straight line'; but if the impulse 
does not pass though the center of gravity, its particles, 
having unequal vetocitiiBs, will have a rotatory or revolv- 
ing motion, at the same time that it is translated (N. 36) 
in space'. These motions are independent of one an-, 
o^er; so that a contrary impulse, passing through its 
center of gravity, will impede its projgress, Without in- 
terfering with its rotation. As the sun rotates about an 
axis, it seeqis probable, if an impulse in a contrary direc- 
tion has not been given to his center of gravity, that he 
moves in space, accompanied by all those bodies which 
compose the solar system — a circumstance which would 
m no way interfere with their relative motions ; for, in 
consequence of the principle, that force 19 proportional 
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to velocity (N. 37), the reciprocal attractioiu of a system 
remain ue same, whether its center of gravity be at 
rest, or moving uniformly in space. It is computed that, 
had the earth received its motion from a single impulse, 
that impulse must have passed through a ppint about 
twenty-five miles from its center. 

Since the motions of rotation and translation of the 
planets are independent of each other, though probably 
communicated by the same impulse, they form separatQ 
subjects of investtg^tioa. 



Section II. 



miiptieal Motion— Metu and Trn* Motionn-fiqmnoctial— Ecliptic— Eqql- 
noxei — ^Mean and True Longitude — Equation of Center— Inclination of 
the Orbitt of Planets— Celeetial Latitade^Nod«e-*EleaiesU of m OrWt 
— Undisturbed or Elliptical Orbits— Great Inclination of the OrbiU «f 
the new Planets— Universal Gravitation the Cause of Pertuxhations in 
the M«tiana ef the Heavenly Bodtee— Problem of the Thxee Bodie»-r 
Stabili^ oi Solar System depeaids opon the Pirinutive MomentsB of th« 
Bodies. ^ 

. A PLAiTET moves in its elliptical orbit with a velocity 
varying every instant, in consequence of two forces, one 
tending to the center of the sun, and the other in the 
direction of a tangevt (N. 38) to its orbit, arising from 
the primitive impulse, given at the time when it was 
launched into space. Should the force in the tangent 
cea^e, the planet would fall to the sun by its sravity. 
Were the sun not to attract it, the planet would ily off 
in the tangent. Thus, when the planet is at the point 
of its orbit furthest from the sun, his action overcomes 
the planet's velocity, and brings it toward him . with 
such an accelerated motion, that^at last it overcomes the> 
sun's attraction; and shooting past him, gradually de- 
creases in velocity, until it arrives at the most distant 
point, where the sun's attraction again prevails (N. 39), 
In this motion the r€idii vectored (N» 40\, oi^ imaginary 
lines joining the centers of the sun and the planets, pas» 
QT^r ^qual areas or spaces in equal times (N. 41). 

The mean distance of a i^anet from the sun is equal 
to half the major axis (Nr 42) of its orbit: if, therefore, 
t^e planet described a circle (N. 43) roiwd the sun at 
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its mean distance, the motion would be nnifoniif and 
the periodic time unaltered, because the planet would 
arrive at the extremities of the major axis at the same 
instant, and would havie the same velocity, Whether it 
moved in the circular or elliptical orbit, since the curves 
coincide in these points. But, in every, other part, the 
elliptical or true motion (N. 44) would either be faster 
or slower than the circular or mean motion (N. 45). As 
it is necessary to have some fixed point in the heavens 
from whence tq estimate these motions, the vernal equi- 
nox (N. 46) at a given epoch has been chosen. The 
equinoctial, which, is a great circle traced in the starry 
heavens by the ima^;inary extension of the plane of the 
terrestrial equator, » intersected by the ecliptic, or ap« 
parent path of the sun, in two^ points diametricaUy oppo- 
site to one another, called the vernal and autunmal 
equinoxes. The vernal equinox is the point through 
much the sun passes, in going from the southern to m& 
northern hemisphere ; and the autunmal, that in which 
he crosses from the northern to the southern. The 
mean or circular motion of a body, estimated from the 
vernal equinox, is its mean longitude ; and its elliptical, 
or true motion, reckoned from that point, is its true lon- 
gitude (N. 47) : both being estimated from west to east, 
the direction in which the bodies move. The difference 
between the two is called the equation of the center 

iK« 48) ; which consequently vanishes at the apsides 
N. 49), or exti'emities of the major axis, and is at its 
maximum nine^ degrees (N. 50) distant from these 
points, or in q^iadratures (N. 51), where it measuree 
the eccentricity (N. 52) of the orbit; so that the place 
of a planet in its elliptical orbit is obtained, by adding er 
subtracting the equation of the center to or from it» 
mean longitude. 

^ The orbits of the planets have a veiy sm^ obliquity 
or inclination (N« 53) to the plane of the ecliptic in whieh 
the earth moves ; and on that account, astronomerci refer 
their motions to this plane at a given epoch ae a known 
and fixed position. The angular distance of a planet 
from the ~plane of the ecliptic is its latitude (N* 54) ; 
I7hich is south or north, according as the planet is south 
wr north cf that plane. When the planet is in the plane 
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of the ecliptic, its latitude is zero : it is then said to be 
in its nodes (N. 55). The ascending node is that point 
in the ecliptic, through wkich the planet passes, in going 
from the southern to the northern hemisphere. The 
descending node is a corresponding point in the plane of 
the ecliptic diametrically opposite to the other, through 
which tiie planet descends in going from the northern 
to the southern hemisphere. The longitude and lati- 
tude of a planet cannot be obtained by direct observa- 
tion, but are deduced from observations made at the 
surface of the earth, by a very simple computation. 
These two quantities, however, will not give the place 
of a planet in space. Its distance from the sun (N. 56) 
must also be known ; and, for the complete determina- 
tion of its elliptical motion, the nature and position of its 
orbit must be ascertained by observation. This depends 
upon seven quantities, called the elements of the ori^t 
(N. 57). These are, the length of the major axis, and 
the eccentricity, which determine the form of the orbit : 
the longitude of the planet when at its least distance 
from the sun, called the longitude of the perihelion ; the 
inclination of the orbit to the plane of the ecliptic, and 
the longitude of its ascending node ; these give the po- 
sition of the orbit in space ; but the periodic time, and 
the longitude of the planet at a given instant, called tiie 
longitude of the epo<^ ai*e necessary for finding the 
place of the body in its orbit at all ^mes. A perfect 
knowledge of these seven elements is requisite, for as- 
certaining all the circumstances of undisturbed elliptical 
motion. By such means it is found, that the paths of 
the planets, when their mutual disturbances are omitted, 
are ellipses nearly approaching to circles, whose planes, 
slightly incUned to the ecliptic, cut it in straight lines, 
passing through the center of the sun (N. 58). The 
orbits of the recently discovered planets deviate more 
from the ecliptic than those of the ancient planets ; that 
of Pallas, for instance, has an inclination of 34° 37' 50*2" 
to It ; on which account it is more dURcult to determine 
their motions. 

Were the planets attracted by the sun only, they 
would always move in ellipses, invariable in form and 
position; and because his tiction is proportional to his 



d by Google 



Skct. II. PROBLEM OF TRt THREf! BODIES. 11 

mass, which is much larger than that of aQ the planets 
put together, the elliptical is the nearest approximation 
to their true motions. The true motions cf the planets 
are extreme^ . complicated, in consequence of their 
mutual attraction; so that they do not move in any 
known or symmetrical cuire, but in paths now ap- 
proaching to, now receding fi-om, the elliptical form; 
and their radii vectores do not describe areas or spaces ' 
exactly proportionid to the time, so that the areas be- 
come a test of disturbing forces. 

To determine the motion of each body, when dis- 
turbed by all the rest, is beyond the power of analysis. 
It is therefore necessaiy to estimate the disturbing ac- 
tion of one planef at a time, whence the celebrated- 
problem of the three bodies, originally applied to the 
moon, the earth, and the sun; namely, ''the masses 
being given of three bodies projected from three given 
points, with velocities given both in quantity and direc- 
tion ; and, supposing the bodies to gravitate to one an- 
other with forces that are directly as their masses, and 
inversely, as the squares of the distances, to find the 
lines described by these bodies, and their positions at 
any given instant : or, in other words, to determine the 
path of a celestial body when attracted by a second body, 
and disturbed in its motion round the second body by a 
third — a problem equally applicable to planets, satellites, 
and comets. . . 

By this problem the motions of translation of the 
celestial bodies are determined. It is an extremely 
dii^cult one, and would be infinitely more so, if the dis- 
turbing action were not very small when compared with 
the central force ;. that is, if the action of the planets on 
one another were not very small when compared with 
that of the sun. As the disturbing influence of each 
tiody may b^ found separately, it is assumed that the 
action of the whole system, in disturbing any one planet, 
is equal to the sum of all the particular disturbances it 
experiences, on the general mechanical principle, that 
the sum of any number of small oscillations is nearly 
equal to theur simultaneous and joint effect. 

On account of the reciprocal action of matter, the 
stability of the system depends upon the intensity of &e 
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primitive momentam (N. 59) of the planets, Knd the 
ratio of their masses to that of the sun ; for the nature 
of the conie sections in which the celestial bodies move, 
depends upon die velocity with which they were first 
propelled in space. Had that velocity been^ such as to 
make the planets move in orbits of unstable equilibrium 
(N. 60)i &eir mutual attractions might have changed 
them into parabolas, or even hyperbolas (N. 22); so 
that the earth and planets might, ^es ago, have beoD 
sweeping far from our sun through the abyss of space. 
But as the orbits differ very little from circles, the mo- 
mentum, of the planet, when projected, must have been 
exactly sufficient to insure the permanency and stability 
of the system. Besides, the mass of the sun is vastly- 
greater dian that of any planet ; and as then: inequali- 
ties bear the same ratio to their eUiptical motions, that 
their masses do to that of the sun, their mutual disturb- 
ances only increase or diminish the eccentricities of their 
orbits, by very minute quantities ; consequently the mag-* 
nitude of the sun's mass is the principal cause of the 
stability of the system. There is not in the physical 
world a more splendid example of the adaptation of 
means to the accomplishment of an end, than is exhib- 
ited in the nice adjustment of these forces, at once the 
cause of the variety and of die order of Nature. 



Section IIL 



Fntirl»ti«ii, PeHodie Md Ci7eal»r-*I>ifltiurb{Bff Avtioa «(|uiT«lrat to 

time Partiill Forces— Tangential Force the Cause of the Periodic Ine 
qualities in Longitude, and Secular Inequalities in the Form and Position 
of the Orbit in its own nane-*Radial Foroe the Cause of Variations ia 
the Planet's Distance from the Sun— It combines with the Tangential 
Force to produce the Secular Variations in the Form and Position of the* 
Orbit' in its own PUme—Perpendicular Forre the Cause 6f Periodic Per- 
turbations in Latitude, and Secular Variatkms in the Position of the 
Orbit with regard to the Plane of the Ecliptic— Mean Motion and Major 
Axis Inyariable— Stability of System— Effects of a Resisting Medium^ 
Invariable Plane of the Solar System and of the Universe^^reat Ine- 
. quality of Jupiter and Saturn. 

The planets are subject to disturbances of two kkids, 
both resulting frcwi the constant operation of their recip- 
rocal attraction : one kind« depending ^pon their posi- 
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lions with regard to each other, begins from zero, in- 
creases to a maximum, decreases, afid becomes zero 
again, when the planets return to the same relatiTe 
positions. In consequence of these, the disturbed planet 
is sometimes drawn away from the sun, sometimes 
brought, nearer to him : sometimes it is accelerated in 
its motion, and sometimes retarded. At one time it is 
drawn above the plane of its orbit, at another time below 
it, according to the position of the disturbing body. AH 
such changes, being accomplished in short periods, some 
in a fe^ months, others in years, or in hundreds of 
years, are denominated periodic inequalities. The in- 
equalities of the other kind, though occasioned likewise 
by the <£sturbing energy of the planets, are" entirely in- 
dependent of £eir relatire positions. They depend 
upon the^xelatiye positions of the orbits alone, whose 
forms and places in space are altered by yery minute 
quantities, in immense periods of time, and are, there- 
&re, called secular inequalities. 

The periodical perturbations are compensated, when 
the bodies return to the same relative positions with 
regard to one another and to the sun : the secular ine- 
qualities are compensated, when tiie orbits return to 
tne same positions relatively to one another, and to the 
plane of the ecliptic. 

Planetary motion, including both these Icinds of dis- 
turbance, may be represented by a body revolving in an 
ellipse, and making small and transient deviations, now 
on one side of its path, and now on the other, while the 
ellipse itself is slowly, but perpetually, changing both in 
form and position. 

The periodic inequalities are merely transient devi- 
ations of a planet from its path, the most remarkable of 
which only last« about 918 years ; but, in consequence 
of the secular disturbances, the apsides, or extremities 
of the major axes of aU the orbits, have a direct but 
variable motion in space, excepting those of the orbit of 
Venus, which are retrograde (N. 61), and the lines of 
the nodes move with a variable velocity in a contrary 
direction. Besides these, the inclination and eccen- 
tricity of every orbit are in a state of perpetual- but slow 
change. These effects result from the disturbing action 
B 
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of all the planets oa eachv But as it is only necessary 
to estimate the disturbing influence of one body at a 
time, what follows may convey some idea of the manner 
in which one planet disturbs the elliptical motioa of 
another. 

Suppose two planets moving in ellipses round the sun ; 
if one of them attracted the other and the sun with 
equal intensity, and in parallel directions (N. 62), it 
would have no effect in disturbing the elliptical motion. 
The inequality of this attraction is the sole cause of 
perturbation, and the difference betwepn the disturbing 
planet's action on the sun and on the disturbed planet 
constitutes the disturbing force, which consequently 
varies in intensity and direction with every change in 
the relative positions of the three bodies. Although 
both the sun and planet are under the influence of t£e 
disturbing force, the motion of the disturbed planet is 
referred to the center of the sun as a fi^^ed point, for 
convenience. The whole force (N. 63) which disturbs 
a planet is equivalent to three partial forces. One of 
these acts on the disturbed planet, in the direction of a 
tangent to its orbit, and is called the tangential force : it 
occasions secular inequalities in the form and position of 
the orbit in its own plane, and is the sole cause of the 
periodical perturbations in the planet's longitude. An- 
other acts upon the same body in the direction of its 
radius vector, that is, in the line joining the centers, of 
the sun and planet, and is called the radial force : it 
produces periodical changes in the distance of the planet 
from the sun, and affects the foriu and position of the 
orbit in its own plane. The third, which may be called 
tlie perpendicular force, acts at right angles to the plane 
of the orbit, occasions the peri(^ic inequalities in the 
planet's latitude, and affects the position of the orbit 
with regard to the plane of the ecliptic. 

It has been observed, that the radius vector of a 
planet moving in a perfectly elliptical orbit, passers over 
equal spaces or areas in equal times ; a circumstance 
which is independent of the law of the force, and would 
be the same whether it varied /inversely as the square 
of the distance, or not, provided only that it be directed 
to the center of the sun. Hence Uie tangential force* 
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not being directed to the center, occasions an unequable 
description of areas, or, what is the same thing, it dis- 
turbs the motion of the planet in longitude. The tan« 
gentiai force sometimes accelerates the planet^s motion, 
sometimes retards it, and occasionally has no effect at all. 
Were the orbits of bothsplanets circular, a complete 
compensation would take place at each revolution of the 
two planets, because the arcs in which the accelerations 
and retardations take place, would be symmetrical on 
each side of the disturbing force. For it is clear, that 
if the motion be accelerated through a certain space, and 
then ^retarded through as much, the motion at the end 
of the time will-be the same as if no change had taken 
place. B|}t, «s the orbits of the planets are ellipses, this 
symm^lY does not hold ; for, as the planet moves un- 
^ equabljll its orbit, it is in some positions more directly, 
and for a longer time, under the influence of the dis- 
turbing force than in others. And although multitudes 
of variations do compensate each other in short pf)riods, 
there are others, depending on peculiar relations among 
the periodic times of the planets, which do not. compen- 
sate each other till after one, or even till after many 
revolutions of both bodies. A periodical .inequality of 
this kind in the motions of Jupiter and Saturn, has a 
period oi no less than 918 years. 

The radial force, or that part of the disturbing force 
whic^ acts in the dii-ection of the line joining the centers 
of the sun and disturbed planet, has no effect on the 
areas, but is the cause of periodical changes of small 
extent in the distance of the planet from, the sun. It 
has already been shown, that the force producing per- 
fectly elliptical motion varies inversely as the square of 
the distance, and that a force following any othe^ law 
would cause the body to move in a' curve of a ve^ dif- 
ferent kind. Now, the radial disturbing f6rcQ varies 
directly as the distance \ and, Us it sometimes combines 
with and increases the intensity of the sun^s attraction 
for the disti^rbed body, and at othef times opposes and 
consequently diminishes it, in both cases it causes the 
sun's attraction to debate from the exact law of gravity* 
and t^e whole action of this compound central force oa 
the disturbed, body OS either greater or less than what is 
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reqmite for perfectly e]fi|ftic«] motion. When greater, 
the conrature of the disturbed planefs path on leaymg 
its perihelion (N. 64), or point nearest the snn, is 
greater than it woald be m the ellipse, which brings the 
planet to its aphelion (N. 65), or point farthest from the 
sun, before it has passed through 180^, as it would do 
if undisturbed. So tfa^at in this case the apsides, or ex- 
tremities of the major axis, advance in space. When 
the central force Is less than the laW of gravity requires, 
the curvature of the planet's path is less than the cur- 
vature of the ellipse. So that the planet, on leaving its 
perihelion, would pass through more than 18(P before 
arriving at its aphelion, which causes the apsides to re- 
cede in space (N. 66). Cases both of advance and re- 
cess occur during a revolution of tlie two pla^jflts ; but 
those in which the apsides advance, preponderate. 
This, however, is not liie full amount of the motion of 
the apsides ; part arises also from the tangential force 
(N. 63), which alternately accelerates atid retards the 
velocity of the disturbed planet. An increase in the 
planefs tangential velocity diminishes the curvature of 
its orbit, and is equivalent to a decrease of centrd force. 
On the contrary, a decrease of the tangential velocity, 
which increases the curvature of the orbit, is equivalent 
to an increase of central force. These fluctuations, 
owing to the tangential force, occasion an alternate re- 
cess imd advance of the apsides, after the manner 
already explained (N. 66\, An uncompensated portion 
of the direct motion arismg from this cause, conspires 
with that already impressed by the radial force, and in 
some eases even nearly (loubles the direct motion of 
these points. The nootion of the apsides may be repre- 
sented, by supposing a planet .to move in an ellipse, 
while the ellipse itself is slowly revolving about the sun 
in the same plane (N. 67). This motion of the major 
axis, which is direct in all the orbits except that of the 
planet Venus, is irrfagular, and so slow, that it requires 
more tiian 109,630 years , for tiie major axis of the 
earth's orbit to accomplish a sidereal revolution (N. 68), 
tiiat is, to return to .the same starsj and 20,984 yean 
fee complete its tropical revolittion (N. 69), or to return 
to the same equinox^ The difference between these 
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two periods arises from a retrograde motiott iQ the 
equiDoctia] point, wluch t6eets the advanciDg axis be* 
fore it ha» completed ita revohition ¥rith regard to the 
stars. The major axis of Jupiter's orbit requires no 
iess than 900,610 years to perform its sidereal reYolution, 
and 22,748 years to accomplish its tropical revohition 
from the disturbing action of Satnm alone. 

A variation in the eccekitricify of the disturbed planet's 
orbit, is an immediate conseqaence of file deviation from 
elliptical curvatato, caused by the action of the dis- 
torbing force. When the path of the body, in pro- 
ceeding from its perihelion to its aphelion, is more curved 
than it ought to be from the effect of the disturbing^ forces, 
it fhlls within the elliptical orbit, the eccentridt^ is di- 
miniahedy and the or&t becomes more nearly circular; 
when tfa«( curvature is less than it ought to be, the path 
of the planet falls without its elliptical oihit (N. 66), and 
the eccen^icity is increased : during these changes, the 
length of the major axis is not altered, the orbit only 
bulges out, or becomes more flat (N. 70). Thus the 
vaiiation in the eccentricity arises from the same causes 
that occasions the motion of the apsides (N. 67). There 
is an inseparable connection* betii^een these two ele- 
ments; they vary simultaneoasly, and have the same 
period ; so that while the major axis revolves in an im- 
mense period of time, the eccentricity increases and 
decreases by very small quantities, and at length returns 
to its original magnitude at each revolution of the ap- 
sides. The terrestrial eccentricity is decreasing at the 
rate of thoat 40 miles annually ; and, if it were to de- 
crease equably, - it would be 39,861 years before the 
earth's orbit became a circle. Thie mutual action of 
Jupiter and Saturn occasions variations in the eccentri- 
city of botii (Nrbits, the greatest eccentricity of Jupiteir'sr 
orbit corresponding^ to the least of Saturn's. The 
period in which these vicissitudes are accomplished is 
70,414 years, estimatiilg the action of these two planets^ 
alone : but if the action of all the planets were estimated, 
thd eycle would extend to m^ons G(f years. 

That part of the disturbii^g force is now to be con- 
sidered which acts perpendicularly to the plane of the 
eibit, oaosiag periodic p^tuibatie&s in lotltade, secular 
2 b2 
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variatioos in. the inctination of the orbit, and a retrograde 
motiop to its nodes on the true plane of the ecliptic 
(N. 71). This force tends to pull the disturbed body 
above, or push (N. 72) it below, the plane of its orbit, 
according to the relative positions of the two planets with 
regard to the sun, considered to be fixed. By this 
action, it sometimes makes the plane of the orbit of the 
disturbed body tend to coincide with the plane of the 
ecliptic, and sometimes increases its inclination to that 
plane. In consequence of which, its nodes alternately 
recede or advance on the ecliptic (N. 73). When the 
disturbing planet is in the line of the disturbed planet's 
nodes (N. 74), it neither affects these points, the latitude, 
nor the inclination, because both planets are then in the 
same plane. When it is at right angles to the line of 
the nodes, and the orbit symmetrical on each lile c^ the 
disturbing force, the average motion of these points, 
after a revdution of the disturbed body, is retrograde, 
and comparatively rapid ; but when the disturbing planet 
is so situated that the orbit of the disturbed planet is not 
symmetrical on each side of the disturbing force, which 
is most frequently the case, every possible variety of 
action takes place. Consequently, the nodes are per- 
petually advancing or receding with unequal velocity ; 
but) as a compensation is not effected, their motioh is* 
on the whole, retrograde. 

With regard to the variations in the inclination, it is 
clear, that, whea the orbit is symmetrical on each sido 
of the disturbing force, all its variations are compensated 
after a revolution of the disturbed body, and are merely 
periodical perturbations in the planet's latitude ; and no 
secular change is iAduced in the inclination of die orbit. 
When, on the contrary, that orbit is not symmetrioal on 
each side of the distm'bing force, although many of the 
variations in latitude are transient or periodical, still, 
after a complete revolution of the disturbed body, a 
j)ortion remains uncompensated, which forms a secular 
change in the inclinatbn of the orbit to the plane of the 
ecliptic. It is true, part, of this secular change in the 
incUnatiou is compeusated by the revolution of the dis- 
turb'mg body, whose motion has not hitherto been taken 
into the accooutr so ^^ perturbation compensates per* 
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tm-bation ; but still, a comparatively permanent change 
is effected in the inctinatioo, which is not compensated 
till the nodes hare accomplished a complete revolution. 

The changes in the inclination are extremely minute 
(N. 76), compared with the motion of the nodes, and 
there is the sam^ kind of inseparable connection between 
their secular changes that there is betw^n the variation 
of the ecceotricity and the motion of the major axis. 
The nodes and inclinations vary simultaneously, their 
periods ate the same, and very great. The nodes of 
Jupiter's orbit, from the action of Saturn alone, require 
36,261 years to accomplish even a tropical revolution. 
In what precedes, the influence of only -one disturbing 
body has been considered ; but when the action and re- 
action of the whole system is taken into account, every' 
planet is acted upon, and does itself act, in this manner, 
on all the others ; and the joint effect keeps the inclt- • 
nations and eccentricities in a state of perpetual variation. 
It makes the major 4ixis of aH the orbits continually re- 
volve, and causes, on an average, a retrograde motion of 
the nodes of each orbit upon every other. The ecliptic 
(N. 71) itself is in motion from the mutual action of the 
earth and planets, so that the whole is a compound phe- . 
Domenon of great complexity, extending through un- 
known ages. At the present time the inclinations of all 
the erbits are decreasing, but so slowly, that the incli- 
nation of Jupiter's orbit is only about six minutes less 
than it Was in the age of Ptolemy. 

But, in the midst of all these vicissitudes, the length 
of the major axis and the mean motions of the planets 
remain permanently independent of secular changes. 
They are so connected by Kepler's law, of the squares 
of the periodic times being proportional to the cubes of 
the mean distances of the planets from the sun, that one 
cannot vary without affecting the other. And it iflf 
proved, that any variations which do take place are 
tnmsietit, and depend only on. the relative positions of 
the bodies. - 

It is true that, atcording to theory, die radial disturb- 
ing force should permanently alter the dimensions of all 
the orbits, and the periodic times of aU the planets, to a 
certain degree. For example^ the masses (tf aU llie 
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gftnets revolviDg within the orbil; of any <me, suich a» 
ars, by adding to the interior mi^s, increase the at- 
tracting force of the sun, which, therefore, must con- 
tract the dimensions uf the orbit of that planet, and di- 
minish its periodic time ; while the planets exterior to 
Mars' orbit must have the contrary effect. But the 
mass of the whole of the planets and satellites taken to- 
gether is so small, when compared with that of the sun, 
that these effects are quite insensible, and could only 
have been discovered by theory. And, as it is certain 
that the length of the major axes and the mean motions 
are not permanently changed by any other power what- 
ever, it may be concluded that they are imrariable. 

With the exception of these two elements, it appears 
that all the. bodies are in motion, and every orbit in a. 
state of perpetual change. Minute as thesen changes, 
are, they might be supposed to accumulate in the course- 
of ages, sufficiently to derange the whole order of na- 
ture, to alter the relative positions of the planets, to put 
ain end to the vicissitudes of the seasons, and to bnng 
about collisions which would involve our whole system, 
now so harmonious, in chaotic confusion. It is natural 
to inquire, what [K'oof exists that nature will he pre- 
served from such a catastrophe ? Nothine can be known 
from observation, since the existence of the human race 
has occupied comparatively but a point in duration, 
while these vicissitudes embrace myriads of ages. The 
proof is simple and conchunve. All the variations of 
the solar system, secular as well as periodic, ara ex- 
pressed analytically by the sines and cosines of circular 
arcs (N. 76), which increase with the time ; and, as a 
sine .or cosine can never exceed die radius, but must 
oscillate between zero and unity, however much the 
time may increase, it follows that, when the variations 
have aceumulatsd to a maximum, by slow changes, in ' 
however long a' time, they decrease, by the same slow 
degrees, till they, arrive at their smallest value, again to 
begin a new course; thus forever oscillating about a 
mean value. This circunutance, howeter, would be 
insuffictent, were it not for the small eccentricities of' 
the planetary orbiti, their minute inclinations to the 
phflb of tJleodtptie, and theremfaitiontof all itebodftta, 
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CU3 well planets as satellites, in the same direction. 
These secure the perpetual stability of the solar system 
(N. 77). The equilibrium, however, would be de- 
ranged, if the pluaets moved in a resisting medium 
(N. 78) sufficiently dense to dimimah their tangential 
velocity, for then both the eccentricities and the major 
axes of the orbits would V3ry with the time, so that the 
stability of the system would be ultimately destroyed. 
The existenee of an ethereal fluid is now proved; and 
although it is so extremely rare that hitherto its effects 
on the motions of the planets have been altogether in- 
sensible, there can be no doubt that, in the immensity 
bf time, it will modify the forms of the planetary orbits, 
and may at last even cause the destruction of -our sys- 
tem, whieh in itself contains no principle of decay, ualest 
ft rotatory motion from west to east has been given to this 
fluid by the bodies of. the solar system, which have aH 
been revolving about the sun in that direction for un« 
known ages. This rotation, which seems to be hi^ly 
probable, may even have been coeval with its creation. 
Such a vortex would have no effect on bodies moving 
with it, but it would influence the motions of thifse re<^ 
vohring in a contrary direction. It is fx>ssib]e that the 
distuiSances experienced by cometii which have already 
revealed the existence of this fhiid, may also, in time^ 
disclose its rotatory motion. 

The form and position of the planetary orbits, and the 
motion of the bodies in the same direction, together with 
the periodicity of the terms in which the inequalities 
are expressed, Assure us that the variations of itke sys* 
tem are confined within very narrow limits, and that, 
although we do not know the extent of the limits, nor 
the period of that grand cycle which probaMy embraces 
millions of years, yet they never wUl exceed what is 
requisite for the stability and harmony of the whole, for 
the preservation of which every circumstance is so beau- 
tifully and wonderfully adapted. 

The plane of the ecliptic itself, though assumed to be 
fixed at a pven epoch for the convenience of astronomi- 
cal (Computation, is subject to a minute secular variation 
of 46"*7, occasioned by the reciprocal action of the plan- 
ets. But, as this is also periodical, and cannot exceed 
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2^ 42S the terrestrial equator, which is inclined to it at 
an angle of 23° 27' 34"*69, will never coincide with the 
plane of the ecliptic : so there never can be perpetual 
spring (N. 79). The rotation of the earth is uniform ; 
therefore day and night, summer and winter, will con- 
tinue their vicissitudes while the system endures, or is 
undisturbed by foreign causes. 

** Yonder starry sphere 
Of planets and of fiz'd, in all her wheels 
Resembles nearest mazes intricate, 
Eccentric, inten'olved, yet regular, 
Then most, when most irregular they seem." 

The stability of our system was established by La 
Grange : " a discovery," says Professor Playfair, " that 
must render the name forever memorable in science, 
and revered by those who delight in the contemplation 
of whatever is excellent and sublime.*' After Newton's 
discovery of the mechanical laws of the elliptical orbits 
of tiie pkmets. La Grangers discovery of their periodical 
inequalities is, without doubt, the noblest truth in physi* 
cal astronomy ; and in respect of the doctrine of final 
causes, it may be regarded as the greatest of all. 

Notwithstanding ^e permanency of our system, the 
secular variations in the planetary orbits would have 
been extremely embarrassing to astronomers when it 
became necessary to compare observations separated by 
long periods. The difficulty was in part obviated, and 
the principle for accomplishing it established, by La 
Place, and has since been extended by M. Poinsot, It 
appears that there exists an invariable plane (N. 80), 
passing through the center of gravity of the system, 
about which the whole osciUates within very narrow 
limits, and that this plane will always remain parallel to 
itself, whatever changes time may induce in the orbits 
of the planets, in the plane of the elliptic, or even in 
the law of gravitation; provided only that our system 
remains unconnected with any other. The position of 
th© plane is determined, by this property — -that, if ^ch 
particle in the system be multiplied by the area de- 
scribed upon this plan in a given time, by the projection 
of^its radius vector about the common center of gravity 
of the whole, the sum of all diese products will be % 
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maxiraura (N.;81). La Place found that the plane in 
question is inclined to* the ecliptic at an angle of nearly 
1° 34' 16", and that, in passing through the sun, and 
about midway between the orbita of Jupiter and Saturn, 
it may be regarded as the equator of the solar system, 
dividing it into two parts, whxh balance one another in 
all their motions. This plane of greatest inertia, by no 
means peculiar to the solar system, but existing in every 
system of bodies submitted to their mutual attractions 
only,, always maintains a fixed position, whence the 
oscillations of the system may be estimated through 
unlimited time. Future astvoriomers will know, from 
its immutability or variation,, whether the sun and his 
attendants are connected or not With the other systems 
of the universe. Should there be no link between them, 
it may be inferred, from the rotation of the sun, that 
the center of gi'avity (N. 82) of the systei!n situate within 
hie mass describes a straight line in this invariable plane 
or great equator of the solar system,. which, unaffected 
by the changes of time, will maintain its stability through 
endless ages. But, if the fixed stars, comets, or any 
unknown and unseen bodies, affect our sun and planets, 
the nodes of this plane wil slowly recede on the plane 
of that immense orbit which the sun may describe ^bout 
some most distant center, in a period which it transcends 
the powers of man to determine. There is every i-ea- 
son to believe that this is the case ; for it is more than 
probable that, remote as the fixed stars are, they in 
some degree influence our system, and that even the 
invariability of this plane is relative, only appearing fixed 
to creatures incapable of estimating its minute and slow 
changes during the small extent of time and space grant- 
ed to the human race. "The development of such 
changes," as M. Poinsot justly Observes, " is simHar to 
an enormous curve, of which we see so small an arc, 
that we imagine it to be a straight line." If we raise 
our views to the whoje extent of the universe, and con- 
sider the stai's, together with the sun, to be wandering 
> bodies, revolving about the common 'center of creation, 
we may then recognize in the equatorial plane passing 
through the center of gravity of the universe the only 
idstauce of absolute and eternal repose. 
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An liie periodie and aecular inequalities deduced frma 
the law of gravitatiou are so perfectly confirmed by 
observation, that analysis has become one of the most 
certain means of discovering the planetary irregukritiesi 
either when they are too smaU, or too long in their 
periods, to be detected by other methods* Jupiter and 
Saturn, however, exhibit inequalities which for a long 
time seemed discordsmt with that law; All observations, 
from those of the Chinese and Arabs down to the pres- 
ent day, prove tliat for ages the mean motions ^f Jupiter 
and Saturn have been affected by a great inequality of 
a very long period, forming an apparent anomaly in the 
theory of the planets. It was long known by observa- 
tion that five times the mean motion of Saturn is nearly 
equal to twice that of Jupiter : a relation whioh the 
sagacity of La, Place perceived to be the cause of a 
periodic iiTogularity in the mean motion of each of these 
planets, which completes its period in nearly 918 years, 
the one being retanled while the ether is accelerated ; 
but . both the magnitude and period of these quantitiet 
vary in consequence of the secular variations in the 
elements of the orbits. Suppose the two planets to be 
on the same aide of the sun, and all three in the same 
straight line, they are then said to be in conjunction 
(N. 83). Now, if they begin to move at the same time, 
one making exactly five revolutions in its orbit, while the 
other only accomplishes two, it is clear that Saturn, the 
slow-moving body, will only have got through a part of 
its orbit during the time that Jupitw has niiade one 
whole revolution and part of anodier, before they be 
again in conjunction. It is found that during this time 
their mutual action is such as to produce a great many 
perturbations which compensate each other, but that 
there still remains a portion outstanding, owiu^ to the 
length of time during whioh the forces act in the same 
manner ; and if the conjunctk>n always happened in the 
aame point of the orbit, this uncompensated inequality 
in the mean motion would go on increasing till the peri- 
odic times and forms of the orbits were completely and 
permanentiy changed : a case l^at would actually take 
place if Jupiter accomplished exactly five revolutions in 
the time Saturn performed two. These revc^utions 
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are, however, not exactly commensuraUe ; the pointB in 
which the conjunctions take place are in advance each 
time as much as 8°*37 ;> so that the conjunctions do not 
happen exactly in the same points of the orbits till after 
a period of 850 years ; and, in consequence of this small 
advance, the planets are brought into such relative posi- 
tions that the inequality which seemed to threaten the 
stability of' the system is completely compensated, and 
iiie bodies, having returned to the same relative positions 
with regaitl to one another and the sun, begin a new 
course. The secular variations in the elements of the 
orbit increase the period of the inequality to 918 years 
(N. 84). As any perturbation which affiBcts the mean 
motion aflfects also the major axis, the disturbing forces 
tend to diminish the major axis of Jupiter^s orbit and 
increase that of Saturn^s during one half of the period, 
and the contrary during the other half. This inequality 
is strictly periodical, since it depends upon tfad configura- 
tion (N. 85) of the two planets ; and theory is confirmed 
by observation, which shows that, in the course of twenty 
centuries, Jnpiter*s mean motion has been accelerated 
by about 3® 23% and Saturn's retarded by 5^^ 13'. Sev- 
eral instances of perturbations of this kind occur in the 
aolar system. One, in the mean motions of the Earth 
and Venus, only amounting to a few seconds, has been 
recently yroAed out with immense hbar by. Professor 
Aiiy. It accomplishes its changes in 240 years, and 
arises from the circumstance of thirteen times the peri- 
tklic time of Venus being nearly equal to Oi^t times 
that of the Earth. SmaU as it is, it is sensible in the 
naotions of the Earth. 

It might be imagined that the reciprocal action of such 
planets as have satellites would be different from the 
influence of those that have none. But the distances of 
the satellites from their prioaaries are incomparably less 
than the distances of the planets frcmi the sun, and from 
one another; sp that the system of a planet and its 
Mteilites moves nevriy as if all these bodies were united 
in their common center of gravity. The action of the 
8uh, however,' in some degree disturbs ^e motion of the 
satellites about their primary. 

C 
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Section IV. 

Theory of Jupiter's Satellitej^E Sects of the Firure of Jupiter upon bis 
SalellKes — Position of thei^ Orbits — Singralar Laws among the Motions 
of the first three Satellites— Eclipses of the Satellites— Velocity of Light 
— Aberration — Ethereal Medium — Satellites of Suturn and Uranus. 

The changes which take place in the planetary sys- 
tem are exhibited on a smaller scale by Jupiter and his 
satellites ; and, as the period requisite for the develop- 
ment of the inequalities of these moons only extends to 
a few centuries, it may be regarded as an epitome of 
that grand cycle which will not be accomplished by the 
planets in myriads of ages. The revolytions of the 
satellites about Jupiter are precisely similar to those of 
the planets about the sun : it is true they are disturbed 
by the sun, but his distance is so great, that their 
motions are neaiiy the same as if they were not under 
his influence. The satellites, like the planets, were 
probably projected in elliptical orbits : but, as the masses 
of the satellites are nearly 100,000 tiibes less than that 
of Jupiter; «nd as the compression of Jupiter's sptte- 
roid is so great, in consequence of his rapid rotation, 
that his equatorial diameter exceeds his polar diameter 
by no less than 6000 miles; the immense quantity of 
prominent matter at his equator must soon have given 
the circular form observed in the orbits of the first and 
second satellites, which its superior attraction will al- 
ways maintain. The third and fourth satellites, being 
farther removed from its influence, revolve in orbits 
with ft very small eccentricity. And although the first 
two sensibly move in circles, their orbits acquire ^ 
small ellipticity, from the disturbances they experience 
(N. 86). 

It has been stated, that the attracjEion of a sphere on 
an exterior body b the same as if its mass were united 
in one particle in its center of gravity, and therefore 
inversely as the square of the distance. In a spheroid, 
however, there is an additional force arising from the 
bulging mass at its eqi^itor, which, not following the 
exact law of gravity, acts as a disturbing force. One 
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effect of this disturbing fcm^e in the spheroid of Jupiter 
is, to occasion a direct motion in the greater axes of the 
orbits of all his satellites, which is more rapid the 
nearer the satellite is to the planet, and veiy much 
greater than that part of their motion which arises from 
the disturbing action of the sun. The same cause 
occasions the orbits of the satellites to remain nearly in 
tho plane of Jupiter's, equator (N. 87), on account of 
which the satellites are always seen nearly in the same 
line (N. 88) ; and the powerful action of that quantity 
of prominent matter is the reason why the motions of 
the nodes of these small bodies ai'e so much more rapid 
than those of the planet. The nodes of the fourth 
satellite accomplish a tropical revolution in 531 years; 
while those of Jupiter's orbit require "too less than 
36,261 years ;-^ proof of the reciprocal attraction be- 
tween each particle of Jupiter's equator and of the 
satellites. In fact, if the satellites moved exactly in the 
plane of Jupiter's equator, they would not be pulled 
out of that plane, because his attraction would be equal 
on both sides of it. But, as their orbits have a small 
mclioation to the plane of the planet's equator, there 
is a want of symmetry, and the action of the protuberant 
matter tends to inake the nodes regress by pulling the 
satellites above or below the planes of their orbits ; an 
ajctiou which is so great on the interior satellites, that 
the motions of their nodes are nearly the same as if no 
other disturbing force existed. 

The orbits of the satellites do not retain a permanent 
inclination, either to the plane of Jupiter's equator, or 
to that of his orbit, but to certain planes passing between 
the two, and through their intersection. These have a 
gi'eater inclination to his equator the farther the satel- 
hte is removed, owing to the influence of Jupiter's 
compression ; and they have a slow motion correspond* 
ing to secular variatioqs in the planes of Jupiter's orbit 
and equator. 

The satellites are not only subject to periodic and 
secular inequalities from their mutual attraction, similar 
to those wiiich 'affect the motions and orbits of the 
planets, but also to others peculiar to themselves. Of 
the periodic inequalities arising from their mutual at* 
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traction, the most remarkaMe take plaee in the angular 
motions (N. 89) of the three nearest to Jupiter, the 
second of which receives from the first a perturbation 
similar to that which it produces in the third ; and it 
experiences from the third a pertuihation similar to that 
which it communicates to the first. In the eclipses 
these two inequalities are combined into one, whose 
period is 437*659 <^J*. The variations peculiar to the 
satellites arise from the secular inequalities occasioned 
by the action of the planets in the form and position of 
Jupiter's orbit, and from the displacement of his equatoit*. 
It is obvious that whatever alters the relative positions 
of the sun, Jupiter, and his satellites, must occasion a 
change in the directions and intensities of the forces, 
which will affect the motions and orbits of the satellites. 
For this reason the secular variations in the eccen- 
tricity of JupitM*'s orbit occasion secular inequalities in 
the mean motions of the satellites, and in the motions 
of the nodes and apsides of their orbits. The displace- 
ment of the orbit of Jupiter, and the variation in the 
position of his equator, also afifect these small bodies 
(N. 90). The plane of Jupiter's equator is inclined to 
the plane of his orbit at an angle of 3° 5' 30'', so that 
the action of the sun and of the satellites themselves 
produces a nutation and precession (N. 91) in his equa- 
tor, precisely similar to that which takes place in the 
rotation of the earth, from the action of the sun and 
moon. Hence the protuberant matter at Jupiter's equa- 
tor is continually changing its position with regard to 
the satellites, and produces coiresponding mutations in 
their motions. And, as the cause must be proportional 
to the effect, these inequalities afford the means, not 
only of ascertaining the compression of Jupiter's sphor 
roid, but they prove that his mass is not homogeneous. 
Although the apparent diameters of the satellites are 
too small to be measured, yet their perturbations give 
the values of their masses with considerable accuracy — 
a striking proof of the power of analysis. 

A singular law obtains among the mean motions and 
mean longitudes of the first three satellites. It appears 
from observation that the mean motion of the first 
satellite, plus twice that of the third, is equal to three 
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tunes tbftt of the s^eond; and that tlie mean loogitade 
of the first satellite, minus three times tliat A ti^e 
second, plus twice that of the third, is always eouai to 
two right angles. It is proved by thetny, tibat it these 
relations had only been approximate when the satellites 
were first launched into space, their mntnal attractions 
would 'have established and maiotsined them, notwith- 
standing the secular inequalities to which they are 
liable. They extend to the synodic motions (N. 92) cf 
the sateUites; consequently tibey aflSset. their eclipses, 
and have a yery great influence on their whole theory. 
The satellites move so nearly in the plaae of Jupiter's 
equator, which has a very small inclination to his orbit, 
tliat the first tliree are eeHpsed at each revolution by 
the shadow of the planet, which is much larger than 
the shadow of the moon: the fourth satellite is not 
eclipsed so fi-equendy as the others. The eclipses 
take place close to the disc of Jupiter when he is near 
opposition ~(N. 93) ; but at. times his shadow is so pro- 
jected widi regard to the earth, t^t the diird and 
fourth satellites vanish- and reappear on the same side 
of the disc (N*. 94). Thetoe eclipses are in all respects 
similar to those of the moon: bui, occasionally, the 
satellites eclipse Jupiter, SDmertimes passing like obscure 
spots across his ttur£Bu;e, jresembhi^ annular eclipses of 
the sun, and sometimes like a bright spot traversing one 
of his dark belts. Before opposition, the shadow of the' 
aatellitOf like » round black spot, precedea its passage 
over the disc of the planet ; and after opixMition, the 
shadow fellows the satellite. 

In consequence of the relations already mentioned in 
the mean motions and mean longitodes of the first three 
sateUites, they never can be all echpsed at the same 
time. For when the second and third are in one direc- 
tion, the firot is in the opposite direction ; consequently, 
when the first is echpsed, the other two must be be- 
tween the sun and Jupiter. The instant of the begin- 
ning ot end of an eclipse of a satellite niarks the same 
i|istant of abscrfnte time to all; the inhabitants of the 
earth; therefore, the time of these eclipses observed 
by & traveler^ when compared with the time of the 
eclipse campnted for Greenwich^ or my eth^r find 
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meridian (N, 95), gives the difference of tlie meildiaos 
in time, and, consequently, the longitude of the place of 
observation. The eclipses of Jupiter's satellites have 
been the means of a discovery which, though not so 
immediately applicable to the wants of man, unfolds 
one of the properties of light — ^that medium without 
whose cheering influence all the beauties of the creation 
would have been to us a blank. It is observed, that 
tho|se eclipses of the first sateUitd, which happen when 
Jupiter is near conjunction (N. 96^, are later by 16™ 
26'* 6 than those which take place wnen the planet is in 
opposition. As Jupiter is nearer to us when in opposi- 
tion by the whole breadth of the earth's orbit than 
when in conjunction, this circumstaqce is attributed to 
the time employed by- the rays of light in crossing the 
earth's orbit, a distance of about 190,000,000 of miles ; 
whence it is estimated that light travels at the rate of 
190,000 miles in one sect>nd. Such is its velocity, that 
the earth, moving at the rate of- nineteen miles in a 
second, would take two months to pass throu^ a dis- 
tance which a ray of Hght would dart over in eight 
minutes. The subsequent discoveiy of the aberration 
of light confirmed this astonishing result. 

Objects appear to be situated in the direction of the 
rays which proceed from them. Were light propagated 
instantaneously, every object, whether at rest or in mo- 
tion, would appear in the direction of these fays ; but 
as light takes some time to travel, we see Jupiter in 
conjunction, by means of rays that left him 16*" 26''6 be- 
fore ; but, during that time, we have changed our posi- 
tion, in consequence of the motion of the earth in its 
orbit : we therefore refer Jupiter to a place in which he 
is not. His true position is in the diagonal (N. 97) of 
the parallelogram, whose sides are in the ratio of the 
velocity of light to the velocity of the earth in its< orbit, 
which is as 190,000 to 19, or 10,000 to 1. In conse- 
quence of the aberration of light, the heavenly bodies 
seem to be in places in which they are not. In fact, if 
tiie earth were at rest, rays from a star would pass akmg 
the axis of a telescope directed to it; but if the earth 
were to begin to move in its orbit, with its usual velocity, 
these rays would strike against the side of tiie tube ; it 
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would, therefore, be necesim^ to ijocline the telescope 
a little, in order to see the star. The angle containeo 
between the axis of the telescope and a line drawn to 
the true pkce of the star, is its aberration, which varies 
in quantity and direction in different parts of the earth's 
orbit ; but as it is only 20''*36, it is insensible in ordinary 
cases (N. 98). 

The velocity of light deduced from the observed nber- 
ration of tbe fixed stars perfectly corresponds with that 
given by the ecUpses of the first satellite. The same 
result, obtained from sources so different, leaves not a 
doubt of its truth. Many such beautiful coincidences, 
derived from circumstances apparently the most un- 
promising and dis^milar, occur in physical astronomy, 
and prove connections which we^night otherwise be un- 
able to trace. The identity of the velocity of light, at 
the distance of Jupiter, and on the earth's surface, shows 
that its velocity is uniform ; and if light consists in the 
vibrations of an elastic fluid or ether filling space, a hy- 
pothesis which accotds best with observed phenomena, 
the untformity of its velocity shows that the density 
of the fluid throughout the whole extent of the solar 
system must he proportional to its elasticity (N. 99). 
Among the fortunate conjectures which have been con- 
firmed by subsequent experience, that of Bacon is not 
the least remarkable. **It produces in me," says the 
restorer of true philosophy, ^* a doubt whether the face 
of the serene and starry heavens be seen at the instant 
it really exists, or not till some time later : and whether 
tliere be not, with respect to the heavenly bodies, a true 
time and an apparent time, no less than a true place 
and an apparent place, as astronomers say, on account 
of parallax. ^ For it seems incredible that the species or 
rays of the celestial bodies can pass through the im- 
mense interval between them and us in an instant, or 
that they do not even require some considerable portion 
of time." 

Great discoveries generally lead to a variety of con- 
tusions : the aberration of light aifords a direct proof of 
the motion of the earth in its orbit ; and its rotation is 
proved by the theory of falling bodies, since the centri- 
fugal force it induces retards the osciUations of the pen- 
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diilum ^N. 100^ in going from the pole to tiie eqiialxir; 
Thus a high degree of icientific knowledge has been 
.requisite to dispel the errors of the senses. 

The little that is known of the theories of the satel> 
lites of Saturn and Uranus, is, in aU respects, similar to 
that of Jupiter. Saturn is accompanied by sevwi satel* 
lites, the most distant of which is about the size of the 
planet Mars. Its orbit has a sensible inclination to the 
plane of the ring ; but the great compression of Saturn 
occasions the other satellites to mo^e nearly in the plane 
of his equator. So many circumstances must concur to 
render the two interior satellites visible, that they have 
very rarely been seen. - They move exactiy at the edge 
of die ring, and their orbits never deviate from its plane. 
In 1789, Sir William Herschel saw them, like beads, 
threading the slender line of Hght which the ring is re« 
duced to, when seen edgewise from the earth. And 
for a short time he perceived them advancing joff it at 
each end, when turning round in their orbits. The 
ecHpses of the exterior satellites only take place when 
the ring is in this position. Of the situation oi the equa? 
tor of Uranus we know nothing, nor of his compression; 
but the orbits of his satellites are neariy perpendicular 
to the pkne of the ecliptic ; and, by analogy, they ought 
to be in the plane of his equator. Uranus is so remote 
that he has more the appearance of a planetary nebula 
than a planet, which renders it extremely diiiieult to 
distinguish the satellites at all ; and quite hopeless with* 
out such a telescope as is rarely to be met with even, in 
observatories. Sir William Herschel discovered aix, 
and determined the motions of two of them ; but frtum 
that time the position of the planet has been such as to 
render farther observations impossible. The subject 
has recently pcciipied the attention of his 3on« who has 
found evidence of the general correctness of his fatheir'a 
views, and has been enabled to determine the elements 
of the motions of these minute objects With more acca* 
racy. The first satellite performs its revolution about 
Uranus in 8^ 16^ da*" 2@*'6 ; and the seoond satellite af -^ 
complishes its period in 13** ll** 7™ 12»'6.. The orbits of 
both seem to have an inclination of about 101^*2 to the 
plane of the ecliptic ; and their mptioas offer the singut 
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lar phenomenon of being retrograde, or from east to 
west ; while all the planets and the other satellites re^ 
vjcAve in the contrary direction. ' Sir John Herschel could 
not perceive the smallest indication of a ring. 
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'- Section V. 

Lunar Thfiory— Periodic Perturbations of the Moon— Equadon of Cmtef 
Evcsction— Variation — Annual Equation — ^Direct and Indirect Action of 
Planeta— The Moon's Action on the Earth distturba her own Motion^ 

. Eccentricity and Inclination of Lunar Orbit Inyaiiable—Acceleratioik— 
Secular Variation in Nodes and Perigee— Motion of Nodes and Perigree 
iiiseparably connected with the AccieleratioB— Nutation of Lunar Orbit 
—Form and Internal Structure of the Earth determined from it— Losar, 
Solar, and Planetary Eclipses— Occultations and Lunar Distances— Mean 
Distance of the Sun from the Earth obtained from Lunar Theoiy-Abso- 
>late Distances of the Planets, how Found. 

Our constant companion, the moon, next claims our 
attention. Sevefal circumstances concur to render her 
motions the tnost interesting, and at the same time the 
most difficult to investigate, of all the bodies of our sys- 
tem. In the solar system, planet troubles planet ; but in 
the lunar theory, the sun is the great disturbing cause ; 
his vast distance being compensated by his enormous 
magnitude, so that the motions of the moon are uior^ 
irregular than those of the planetsf ; and, on account of 
l^e: great eUipticity of her orbit, and the size of the sun, 
tiie approximations to her motions are tedious and diffi- 
cult, beyond what those unaccustomed to such investiga- 
tions could imagine. The average distance of the moon 
from the center of the earth is only 237,360 miles, so 
that her motion among th^ stars is perceptible in a few 
hours. She completes a circuit of the heavens in 
27«»" 7»» 43" 4'»*7, moving in an orbit whose eccentricity is 
about 12,985 miles. The moon is about four hundred 
times nearer to the earth than the sun. The proximity 
of the moon to the earth keeps them together. For so 
great is the attraction of the sun, that if the moon were 
farther from^e earth, she would leave it altogether, and 
'Would revolve as an independent planet about the sun. 

The disturbing action: (N. 101) of the sun on the moon 
is equivalent to thrde forces* The first, acting in the 
direction of the line joining the moon and earth, in* 
3 
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creases or diminishes her gravity to the earth. The » 
second, acting in the direction of a tangetit to her orbit, 
disturbs her mqtion in longitude ;'and the .third, acting 
perpendicularly to the plane of her orbit, disturbs her 
motion in (atitude — that is, it brings her nearer or re- 
moves her farther from the plane of the ecliptic than 
she would otherwise be. The periodic perturbations 
in the moon arising from these forces, are perfectly sim- 
ilar to the periodic perturbations of tiie planets. But 
they are much greater and more numerous ; because 
the sun is so large, that many inequalities which are 
quite insensible in the motions of the planets, are of 
great magnitude in those of the moon. Among the in- 
numerable periodic inequalities tb which the moon's 
motion 'ux longitude is liable, the most remarkable are, 
the Equation of the Center, which is the difference be- 
tween the. moon^s mean and true longitude, the £vec- 
tion, the Variation, and tiie Annual Equation. The 
disturbing force which acts in the line joining the moon 
and earth produces the Evection : it diminishes the ec- 
centricity of the lunar orbit in conjunction and opposi- 
tion, tiiereby making it more circular, and augments it 
in quadrature, which consequently renders it more ellip- 
tical. The period of this iqequality is less than thirty- 
two days. Were the increase and diminution, always 
the same, tiie Evection would only depend upon the 
distance of the moon, from the sun; but its absolute 
value also varies with her distance from the perigee 
(N. IQ2) of her orbit. Ancient astronomers, who ob- 
served the moon solely with a view-to the prediction of 
eclipses, which can only hai^en in eoiyunction and oppo- 
sition, where the eccentrici^ is diminished by the Eveo 
tion, assigned too small a value to the ellipticity of her 
orbit (N. 193). The Ejection was discovered by Ptole- 
my from observation, about a. n. 140. The variation 
produced by the tangential . disturbing force, which is 
at its m aiti mum when the moon is 45° distant from the 
sun, vanishes when that distance amounts to a quieulrant, 
and also when the moon is in conjunction and opposi- 
tion; consequently, that inequality never could have 
been discovered from the eclipses : its period is half a 
lunar month (N. 104), The Annual Equation depends 
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upon the sun's distance from the eardi : it arises, from 
the moon's motion being accelerated when that of the 
earth is retarded, and vice versd — for when the earth ia 
in its perihelion,. the hmar orbit is enlarged by the ac- 
tion of the sun; therefore,- the moon requires more 
time to perform her revolution. But, aa the earth ap- 
proaches its aj^elion, the moon's orbit contracts, and 
less time is neceaaary to accomplish her motion^— its 
period, consequently, depends upon the time of. the 
year. In the eclipses, die annual equation combines 
with the equation of the center of thie terrestrial orbit, 
so that ancient astronomers imagined the earth's orbit, 
to have a greater eccentricity than modern astronomers 
assign to it^ 

The planets duitarb the motion of the moon both 
directly and indirectly : th^ir action on the earth altera 
its relative position with regard to the sun and moon, 
and occasions inequalities in the moon's motion, which 
are more considerable, than those arising from their 
direct action ; ibr the samer reason the moon, by disturb- 
ing the earth, indirectly disturbs her own motion. Nei- 
ther the eccentricity of the lunar orbit, laor its mean 
inclination to the plane of l^e ecliptic, have experienced 
any changes from secular inequalities; for, although 
t^e mean action of the sun on-the moon depends upon 
the inclination of the lunar orbit to the ecliptic, and the 
position of the ecliptic is subject to a secular ineqliality, 
yet analysis shows that it does not occasion a secular 
variation in the incMnatipn of the lunar orbit, because 
the action of the sun constantly brings the moon's wbit 
to .the same ioclination to the ecliptic. The mean mo- 
tion, the nodes, and the perigee, however, are subject 
to very remarkable variationa. 

From the eclipse observed by the ChaMeaos at Baby- . 
Ion, on the I8th of March, seven hundred^ and twenty- 
one years before the Christian era, the place of the 
moon is known from that of tibe sun at the instant of 
oi^;x)Bition (N.~83), whence her mean longitude ihay be 
found. But the comparison of this mean k>ngitude with 
another mean lon|^tade, computed back for the instant 
of the eclipse firom modem observations, shows that the 
moon pei&rros her revolution round the earth more 
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mpidly and in a shorter time now than she did formeriy, 
and that the acceleration in her mean .motion has been 
increasing from age to age as the square of the time 
(N. 105). AU ancient and intermediate eclipses^ confirm 
this result.' As the mean- motions of the planets have 
not jocular inequalities, this seemed to be an unaccount- 
able anomaly. It was at one time attributed to the re- 
sistance of an ethereal medium pervading space, and at 
another to the successive transmission of the gravitating 
force. 3ut as La Place proved that neither of these 
causes, even if they exist, have any influence on the 
modons of the lunar perigee (N. 102) or ^odes, they 
could not affect the mean motion; a variation in the 
mean motion from such causes being inseparably con- 
nected with the variations in the motions of the perigee 
and nodes. That great mathematician, in studying the 
theory of Jupiter's satellites, perceived that the secular 
variation in the elements of Jupiter's orbit, from the 
action of the planets^ occasions corresponding changes 
in the motions of the satellites, which led hun to sus- 
pect that the acceleration in the mean motion of the 
moon might be connected with the secular variation in 
the eccentricity of' the terrestrial orbit. Andysis has 
6hown that he assigned the true cause of the acceleration. 
It is proved that the greater the eccentricity of the 
terrestrial orbit, the greater is the disturbing action of 
the sun on the moon. Now^as the eccentricity has 
been decreasing for ages, the effect of the sun in dis- 
turbing the moon has been diminishing during that time. 
Consequently the attraction of the ea^ has had a more 
and more powerful effect on the moon, and has been 
continually diminishing the size of the lunar orbit. . So 
that the moon's velocity has been gradually augmenting 
for many centuries to balance the increase of the earth's 
attraction. This secular increase in the moon's velocity 
is called the Acceleration, a name peculiarly appropriate 
at present, and which will continue to be so for a vast 
number of ages ; because, as long as the earth's eccen- 
tricity diminishes, the moon's mean motion will be ac- 
celerated; but when the eccenti^city has ))assed its 
minimum, and begins to increase, the mean motion will 
be retarded from age to age. The secular acceleration 
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is now abotit IV^'d, but its effect on the moon's place 
increases as the square of the time. It is remarkable 
that the action of the planets, thus reflected by the sun 
to the moon, is much more sensible than their dn-ect 
action either on the earth or moon. The secular dimi> 
nutjon in the eccentricity, which has not altered the 
equation of the center of the sun by eight minutes since 
the earliest recorded eclipses, has produced a variation 
of about 1° 48' in the moon's longitude, and of 7°^ 12' in 
-her mean anomaly (N. 106). 

The action of the sun occasions a rapid but variable 
motion in the nodes and perigee of the limar orbit. 
Though the nodes recede during the greater part of liie 
moon's revolution, and advance during the smaller, they 
perform theur sidereal revolution in 6793'*' 9** 23" 9* '3 ; 
and the perigee accomplishes a revolution in 3232«i 13^ 
48" 29*'6, or a little more thaa nine years, notwith- 
standing its motion is sometimes retrograde and some- 
times direct : but such is the difference between the 
disturbing energy of the sun and that of all the planets 
put toge&er, that it requires no less than 109,830 years 
for the greater axis of the terrestrial orbit to do th^ 
same, moving at the rate of 11 "'8 annualfy. The form 
of the earth has no sensible effect either on the lunar 
nodes or apsides. It is evident that the same secular 
variation which changes the sun's distance from the 
earth, and occasions the acceleration in the moon's mean 
motion, must affect the nodes and perigee. It conse- 
quently appears, from theory as well as observation, that 
both these elements are subject to a secular inequality, 
arisitig from the variation in the eccentricity of the 
earth's orbit, which connects them with the Acceleration, 
so that both are retarded when the mean motion is an- 
ticipated. The secular variations in these three ele- 
ments are in the ratio of tiie numbers 3, 0*735, and 1 ; 
whence tiie three motions of the moon, with regard to 
die sun, to her perigee, and to her nodes, are continu- 
ally accelerated, and their secular equations are as the 
numbers 1^ 4*702, and 0*612. A comparison of ancient 
eclipses ^observed by the Arabs, Greeks, 'and Chaldeans, 
imperfect as they are, with modern observationis, con- 
firms tbese results of analysis. Future ages trill de« 
D 
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▼elop these great inequatities, wiiich at some moflit 
distaiit period will amount to maoy circumferences 
(N. 107). They are, indeed, periodic; but who shall 
tell their period ? Millions of years must elapse before 
that great cycle is accomplished. 

.The moon is so near, that the ex^^ess of matter at the 
earth's equator occasions periodic vahations in her lon- 
gitude, and a)so that remarkable inequality in her lati- 
tude, already mentioned as a nutation in the lunar orbit, 
which diminishes its inclination to the ecliptic when the 
moon^s ascending node coincides with the equinox of 
spring, and augments it when that node coincMles wUh 
the equinox of autumn. As the cause must be propor- 
tional to the eifect; a comparison of these 4nequalitie8, 
computed from theory, with the same given by obser- 
vation, shows that the compression of the terrestrial 
spheroid, or the ratio of the difference between the 
polar and the equatorial diameters, to the diameter of 
the equator, is ^.^rs' ^^ ^^ proved analytically, that if 
a fluid mass -of homogeneous matter, whose particles 
attract each other inversely as the squares . of the dis- 
tance, were to revolve about an axis as the earth does, 
it would assume the form of a spheroid whose compres- 
sion is Y^. Since that is not the case, the earth can- 
iw>t be. homogeneous, but must decrease in density &om 
its center to its cilvumference. Thus the moon's 
echpses show the earth to be round ; and her inequali- 
ties not only determine the form, but even the internal 
structure of our planet ; results of analysis which could 
not have been anticipated. Similar inequalities in the 
motions of Jupiter's satellites prove that his mass is not 
homogeneous, and that his compression is y^.^. His 
equatorial diameter exceeds his polar diameter by about 
6000 miles. 

The phases (N* 108) of the moon, which vary from 
a slender silvery crescent soon after conjunction to a 
complete circular disc of light in opposition, decreas^ by 
the same degrees till the moon is again enveloped in 
the morning beams of the sun. These changes regulate 
the returns of the eclipses. Those ^f the sun can only 
happen in conjunction j when the moon, coming between 
the earth and the snn, intercepts his light. Those of 
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tke moon aire occaaioned by the earth inteirening be- 
tween the sun and moon when in opposition. As the 
earth is opaque and nearly spherical, it throws a conical 
shadow, on the side of the moon opposite to the sun, the 
Baas of which passes through the centers of the sun and 
earth (N. 109). The len^ of the shadow terminates 
at the point where the apparent diameters (N. 110) 
of the sun and earth would be. the same. When the 
moon is in opposition, and at her mean distance, the 
diameter of the sun would be seen from her center 
under an angle of 1918''-1< That of the earth would 
appear under an angle of 6908''*3., So that the length 
of the shadow is at least three tames and a half greater 
thap the distance of the moon from the earth, and the 
breadth of the shadow, where it is traversed by the 
moon, IS about eight-thirds of the lunar diameter. Uence 
the moon would be eclipsed every time she is in oppo- 
fli^on, were it not for the inclination of her orbit to the 
plane of the ecliptic, in consequence of which the moon 
.when in opposition is either above or below the cone of 
the earth's shadow, except when in or near her nodeeC 
I}er position with regard to them occasions all the vari- 
eties in the lunar ecHpses. Every point of the moon's 
surface successively loses the light of different parts of 
the sun's disc before being eclipsed. Her brightness 
therefore gradually diminidbes before she plunges into 
the earth's shadow. The breadth of the space occupied 
by the penumbra (N. Ill) is equal to the apparent di- 
ameter of the sun, as seen from the center of the moon. 
The mean duration of a revolution of the sun, with re- 
gard to the node of the lunar orbit, is to the duration of 
a synodic revolution Qi, 112) of the moon as 223 to 19. 
So that, after a period of 223 lunar months, the sun and 
moon would return to the same relative position with 
regard to the node of the moon's orbit, and therefore 
the eclipses would recm' in the same order, were not 
the periods altered by irregularities in the motions of 
the sun and moon. In lunar eclipses, our atmosphere 
bends the sun's rays which pass through it all round 
into the cone of the eaitlf^s shadow. And as the hori- 
BOitfal refraction (K. 113) or bending of the rays sur- 
passes half the sum of the semidiameters of the swtk 
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Bod moon, divided by their mutnai disttnee, the center 
of the lunar disc, supposed to be in the axis of the 
shadow, would receive the rays from the same point of 
the sun, round all sides of the earth, so that it would be 
more illuminated than in full moon, if the greater por- 
tion of the light were not stopped or absorbed by the 
atmosphere. Instances are recorded where this feeble 
light has been entirely absorbed, so that thft nooon has 
altogether disappeared in her eclipses. 

The sun is eclipsed when the moon intercepts his 
rays (N. 114). The. moon, though tncomparab^ smaUm* 
than, the sun, is so much nearer the earth, that her 
apparent diameter differs fmt little from his, but both 
are liable to such variations, that they alternately sur- 
pass one another. Were the eye of a spectator in the 
same straight line with the centers of the sun and moon, 
he would see the sun eclipsed. If the apparent diame- 
ter of the moon surpassed that of the sun, the eclipse 
would be total. If it were less, the observer would see 
a ring of light round the disc of the mOon, and the 
eclipse would be annular,. as it was on the 17th of May, 
1836. If the center of the moon should not be in the 
straight line joining the centers of the sun and the eye 
of the observer, the moon might only eclipse a part of 
the sun. The variation, therefore, in the distances of 
the sun and moon frx)m the center of the earth, and <^ 
the moon from her node at the instant of conjunction, 
occasions great varieties in the solar eclipses. Besides, 
the ^ height of the moon, above the horizon changes her 
apparent diameter, and may augment or diminish the 
apparent distances of the centers of the sun and moon, 
so that an eclipse of the sun may occur to the inhabi- 
tants of one countrvi, and not to those of another. I9 
this respect the solar eclipses differ^ from the lunar, 
which are the same for every part of the earth where 
the moon is above the horizon. In . solar eclipiieB, the 
light reflected by the atmosphere diminishes the obscu- 
rity they produce. Even in total ecUpses the higher 
part of the atmosphere is enlightened by a part of the 
sun's disc, and reflects its rays to the earth. The whole 
disc of the new moon is frequently visible from atmosr 
pherio reflection. 
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A phenomenon altogetiji^r unprecedented occurred 
daring 1;he total eclipse, of the. sun which happened on 
the 8th> of July, 1842. The moon was like a black 
patch on the sky surrounded by a £unt whitish light 
about the eighth of the moOn's diameter in breadth, in 
which three red flames appeared in form like the teeth 
of a saw ; from what cause they originated, or what 
they werQ, iS" totally unknown. 

Planets sometimes eclipse one another. On the 17th 
of May, 1737, Mercury was eclipsed by Venus near 
their inferior conjunction; Mars passe.d over Jupiter on 
the 9th of January, 1591 ; and. on the 30th of October, 
1825, the moon eclipsed Saturn. These phenomena, 
however, happen i^ry seldom, because all the planets, 
or even a part of them, are -very rarely seen in coo- 
junction at once ; that is, in -the same part of the heav- 
ens at the same time. Mwe than 2500 years before 
our era, the five great planets were in conjunction. On 
the 15th of September, 1186, a similar assemUage took 
place between the constellations of Virgo and Libra; 
and in 1801, the moon, Jupiter, Saturn, and Venus 
were united in the heart of tibe Lion. These conjunc- 
tions are so rai-e, that Lalande has computed that more 
than seventeen millions of miUions of years separate the 
epochs of the contemporaneous conjunctions of the six 
great planets. < 

The motions of the naoon have now become of more 
importence to the navigator and geographer than those 
of any other heavenly body, from the precision with 
which terrestrial longitude is determined by occultations 
of stars, and by lunar distances. In consequence of the 
retrograde motion of the nodes of the lunar orbit, at the 
rate of 3' 10"- 64 daily, these points make a tour of the 
heavens in a little more thoux eighteen years and a hal£ 
This causes the moon to move rotind the earth in a kind 
of spiral, so that her disc at different times passes over 
every point in a zone of the heavens extending rather 
more than 5^ 9' on each side of the ecliptic It is thei*e- 
fore evident, that at one time or other she must eclipse 
every star and planet she meets with in this. space. 
Therefore the occultation of a star by the moon is a phe- 
nomenon o^ frequent occurrence. The moon seems to 
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pass over the star, which almost instantaneously vanishes 
at one side of her disc, and after a short time as suddenly 
reappears on the other. A lunar distance is the ob- 
served distance of the moon from the sun, or from a 
particular star or plafaet, at any instant. The lunar the- 
ory is brought to such peifection, that the times of these 
phenomena, observed under any meridian when com- 
pared with those computisd for Greenwich in the Nauti- 
cal Almanac, give the longitude of the obserrer^within a 
few miles (N. 95). 

From the lunar theory, tiie mean difstance. of the sun 
'from the earth, and thence the whole dimensions of the 
solar system, are known. For the forces which retain 
the earth and moon in their orbits are respectively pro- 
portional to the radii vectores of the earth and moon, 
each being divided by the square of its periodic time. 
And as the lunar theory gives the ratio of the forces, 
the ratio of the distances of the sun and moon from 
the earth is obtained. • Hence it appears that the sun*s 
mean distance from the earth is 396, or nearly 400 
times greater than that of the moon. The method of 
finding the absolute distances of the celestial bodies in 
miles, is in &ct the same with that employed in meas- 
uring the distances of terrestrial objects. From the 
extremities of a known base (N. 115), the angles which 
the visual rays from the object form with it, are meas- 
ured ; their sum subtracted from two right angles gives 
the angle opposite the base ; therefore, by trigonometry, 
ail the angles and sides of the triangle may be computed 
-^<;onsequent]y the distance of the object is found. The 
angle under which the base of the triangle is seen from 
the object is the parallax of that objects It evidently in- 
creases and decreases with the distance. TherefoFe the 
base must be very great indeed to be visible firom the 
celestial bodies. The globe itself, whose dimensions are 
obtained by actual admeasurement, furnishes a standard 
of measures, with which we compare the distances, 
densities, and volumes of the sun and planets. 
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Section VI. 

Fc«m of the Earth and P)aiMt»— Figun of a Homofeaeotft Spharoid in 

Rotation — Fij^ure of a Sphenud of Variable Density— Figure of the 
Earth, snpposinr it to be ui Ellipaoid of Revolation— Menfraration of a 
Degree: tii the Mendiaa — Conivreasion and Size of the Eaxth firam 
Degieea of Meridian— Figure of £arth from the Pendulum. 

The theoretical inrestigation of the figure of the earth 
and planets id so complicated, that neither the geometiy 
of NewtoD, nor the refined analysis of La Place, has 
attained more than an^approximation. It is only within 
a^few yeurs that a complete and finite solution of that 
diMcult problem has been accomplished by our -distin- 
guished conntsyman Mr. Ivory. The investigation has 
been conducted by successive steps, beginning with a 
simple ease, and Uien proceeding to the more difficult. 
But in all, thd forces which occasion the revolutions of 
the earth and planets are omitted, because, by acting 
equally upon aU the particles, they do not distuib their 
mutual relations. A fluid mass of uniform density, whose 
particles mutual)^ gravitate to each other, will assume 
the form of a sphere when at rest. But if the sphere 
begins to revolve, eveiy particle will describe a circle 
(N« 1X6), having its center in the axis of revolution. 
The phmes-of all these circles will- be parallel to oiie 
anothei: and perpendicular to the axis, and the particles 
wifl have a tendency to fly from that axis in consequence 
of the centrifugal force arising from the velocity of rota- 
tion. The force of gravity is everywhere, perpendicular 
to the surface (N. 117), and tends to the interior of the 
fluid mass ; whereas the centrifugal force acts perpen- 
dicularly to the axis of rotation, and is directed to the 
exterior. And as its intensity diminishes with the dis- 
tance from liie axis of rotation, it decreases irom the 
equator to the poles, where it ceases. Now it is clear 
that thdse two forces are in direct opposition to each 
other in the equator alone, and that gravity is there di- 
minished by the whole effect of the centrifugal force, 
whereas, in every other part of the fluid, the centrifugal 
force is resolved into two parts, one of which, hemg per- 
pendicular to the surface, diminishes the force of gravr 
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ity ; but the other, being Rt a tangent to the surface, 
urges the particles towai^ the equator, where they ac- 
cumulate till their numbers compensate the diminution 
of gravity, which makes the mass bulge at the equator, 
and become tlattened^t the poles. It appears, then, that 
the influence of the centrifugal force is most powerful at 
the equator, not only because it is actually greater there 
than elsewhere, but because its whole effect is employed 
in diminishing gravity, whereas, in ev^ry other point of 
the fluid mass, it is only a part that is so employed. For 
both these reasons, it gradually decreases toward the 
poles, where it ceases. On the contrary, gravity is least 
at the equator, because the particles are fkrther fitmi 
the center of the mass, and increases toward the poles, 
where 'it is greatest. It is evident, therefore, that, as 
the centrifugal force is much less than the force of grav- 
ity — gravitation, which is the 'difference between the 
two, is least at the equator, and continually- increases 
toward the poles, where it is a maximum. On these 
principles Sir Isaac Newton proved that a homogeneous 
fluid (N. 118) mass in rotation assumes llie fonh of aa 
ellipsoid of - revolution (N. 119), whose compression is 
T^jf, Such, however, -cannot be the form of the earth, 
because the strata increase in density toward the center. 
The lunar inequalities also prove the earth to be so con- 
structed ; it was requisite, therefore, to consider the fluid 
mass to be of variable density. Including this condition, 
it has been found that the mass, when in rotation, would 
still assume the form of an ellipsoid of revohitaon ; that 
the particles of equal density would arrange themselves 
in concentric elliptical strata (N. 120), the most dense 
being in the center; but ^hat the' compression or flat^ 
toning would be less than in the case of the homogene- 
ous fluid. The cohipression is still less when the mass 
is considered to be, as it actually is, a atMd nucleus, -de- 
/creasing regularly in density from the center to the sur^ 
face, and partially covered by the ocean, because the 
solid parts, by their cohesion, nearly destroy that part 
of the centrifugal. force which gives the particles a ten- 
dency to accumulate at the equator, though not alto- 
gether ; otherwise the sea, by the superior mobility of 
its particles, would flow toward the equator and leave 
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the poles dry. Beside, it is well kQown, that the coor 
tiDents at the equator are more elevated than &ey ai^ 
in higher latitudes. It is also necessary for the equili- 
brium of the ocean, that its density should be less than 
the mean density of the earth, otherwise the continents 
would be perpetually liable to inundations from storms, 
and other causes. On the whole, it appears from the- 
ory, that a horizontal line passing round the earth 
t^urough both poles, must be nearly aq ellipse, having its 
major cutis iil the plane of the equator, and its minor 
axis coincident with the axis of the earth's rotation 
(N. 121). It is easy to show, in a spheroid whose 
strata are eUiptical, that the increase in the length of 
the radii (N. 122), the decrease of gravitation, and the 
increase in - the length of the arcs of the meridian^ cor- 
responding to angles of one degree, from the poles to 
the equ&tGTi are fdl proportional to the square of the co- 
sine of the latitude (^, 123). These quantities are so 
connected with the ellipticity of the spheroid that the 
total increase in the length of the radii is equal to the 
eompressioh or flattening, and the total diminution ia the 
lehg&i of the arcs is equal to the compression, multi- 
pli^ by three times the length of an are of one degree 
at the equator. Hence, by measuring the meridian 
curvature of the earth, the compression, and conse- 
quently its figure, become known. This, indeed, is as- 
suming the earth to be an ellipsoid of revolution, but 
the actual measurement of the globe will show how far 
H corresponds with that solid in figure and constitution. 
.The courses of the great rivers, which are in general 
navigable to a considerable extent, prove that the curva- 
ture of the land differs but little from that of the ocean ; 
and as the heights of the mountains ^and continents are 
inconsiderable when compared with the magnitude of 
the earth, its figure is understood to be determined by 
a surface at ev-ery point perpendicular to the direction 
of gravitation, or of the plumb-line, and is the same 
which the sea would have, if it were continued all round 
^e earth beneath the continents. Such is the figure 
that; has been measured in the following manner : — 

A terrestrial -meridian is a line passing through botii 
poles, all the- points of which have their noon cont'Om- 



d by Google 



46 ARCS OF THE MEBIDIAN. Bcct. Yt. 

p(»!«aeo«sIy. Were dieleDgihs and curratares of dif- 
lei^ent meridieuos known, the figute of the earth might 
be detennined. But the leng^ of one degree is wSsA- 
cient to give^the figure of the earth, if it 1^ measured 
on different meridians, and in a variety of latitudes. For 
if the earth were a sphere, all degrees would be of the 
same le%th ; but if not, the lengths of the degrees 
would be greater, exactly in proportion as the curvature 
is less. A comparison of the length of a degree in -dif- 
ferent parts, of the earth^s surfeooy wiU therefore deter- 
mine its size and form. 

An arc of the meridij^ may be measured by observ- 
ing the latitude of its exixeme points <i(N. 124), and then 
measuring the distance between them in feet xsr fath- 
oms. Th^ distance thus determined on the surface of 
the earlh, divided by the degrees and parts of a. degree 
contained in the difference of the latitudes, will give the 
exact ^ngth of one degree, the difference of the lati-* 
tudes beinf the angle contained between the verticale 
at the extremities of the arc. This would be easily ac- 
oomjplished were the distance unobstructed, and on. a 
level with the sea^r But, on account of the innumeroUe 
obstacles on the sur&ce of the earth, it is necessary to 
connect the extreme points of the arc by a series of tri«< 
angles (N. 125), the sides and angles of which are either 
measm^ o^ computed, so that the length of the are is 
ascertaineil witii much labwious calculation. In conse- 
quence of Uie irregularities of the surface, each triangle 
is in a different plane. They must therefore be reduo^ 
by computation to what they would have been had th^ 
been measured on the surface of the sea. And as the 
earth may in thi» case be esteemed spherical, they re^ 
. quire a correction to Reduce them to spherical trianglea. 
The gentlemen who conducted the trigonometrical sur- 
vey, in measuring 500 feet of a base in Ireland twice 
over, found that the differeuee in the two measurements 
did not amount to the 800th part of an inch. Such is 
the accuracy with which these operations are conduct- 
ed, and which they require. - 

, Arcs of the meridian have been measured in a^variety 
of latitudes north and soutOx, as weU as arcs perpendicu- 
lar to the meridian. From these nitaisurements it ap- 
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pears tjhat the length of the degrees increases from the 
equator to the poles, nearly in proportion to the sqaare 
of the sine of the latitude (N. 126). Consequently, the 
convexity 'of the earfii diminishes fleom the equator to 
the poles. 

Were the earth an ellipsoid of revelation, tlie merid- 
ians would be ^ipses whose lesser axes would coincide 
with .the axis of rotation^ and ail the degrlies measvred 
between ihe pole and the equatcn- would give tibe same 
compression when eombined^ two and two. That, how- 
ever, is &r fromrbeing the case. Scarcely any ef the 
roeaenrements give exactly the same results, chiefly on 
account of local attractions, which cause the phuinb fine 
to deviate from the vertical. The vicinity of mountains 
has that efifect. But one of the most remarkable, thongfa 
not ttoprecedented, anomalies takes place in the pbuns of 
the ncnth of Italy, wjbere the action of some idens^ sub^ 
terraneous matter causes the plumb-hne to deviate seven 
or eight times more than it did from the attraction of 
Ohimboiazo, in the experiments of Bonguer, while 
measaring a degree of the meridian at the equator* In 
consequence of ^his local attraction, the degrees of the 
meridian in thifte part of Italy seem to increase towafti 
the ecfuator through a small space, instead of decreasing, 
as if the earth was drown oat at the poles, instead of 
being flattened. 

Many other discrepancies occur, but firotu' the mean 
of the five principal measurements of |ux» in Peru, India, 
France, £ngland, and Lapland, Mr. Ivory has deduced 
that th^ ^gure which most nearly follows this law is an 
elKpsoM of revolutioa^idupse equatorial radius is 3962*624 
miles, and the polar radius ' 3949*585 miles. The differ- 
encei, or 13*239 miles, divided by the equatorial radius, 
is ^^ nearly. This frrotion is called the compression 
of the eartlm^ and does not difiier .much from that given 
by the lunar inequiilities. If we assume the earth to 
be a sf^ere, the length ci a degree. jof the meridian ia 
69^ British n^es. Therefore 360 degrees, or the 
whde circumference of the ^bbe,^ is 24,856 miles, and 
tilie diameter, which is something. l^s than a third df 
the chrcumference, is^ about 7916, or 8000 tniles nearly. 
Eratostiienes, who' died 194 years before the Christian 
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era, was 4lie first to give an approximate value .>!' liie 
earth's circumference, by the measurement of an tare 
between Alexandria and Syena. 

There is aqother method of finding the figure of the 
earth, tptally different from the preceding, solely depend- 
ing upon the increase of gravitation from the equator to 
the poles. The force of gravitation at any place is 
measured by the descent of a heavy body'during the first 
second of its fall. And the intensity of the centrifugal 
force is measured by the deflection of any point from &e 
tangent in a second. For, since the centrifugal force bal- 
ances the attraction of the earth, it is an exact measure of 
the. gravitating force. Were the attraction to cease, a body 
on the surface of the earth would fly off in the tangent 
by the centrifugal force, instead of bending round in the 
(circle of rotation. Therefore, the deflection of the .cir- 
^ cle from the tangent in a secon'd measures the intensity 
of the earth's attraction, and is equal to the versed sine 
of the arc described during that time, a quantity easily 
determined from the known velocity of the earth's rota- 
tion. Whence it has been found, that at the e<{uauir 
the centrifugal force is equal to the 269th part of gravity. 
Now, it is proved by analysis that whatever the consti- 
tution of the earth and planets may ^ be, if the inttendtty 
of gravitation at the equator be taken equal to unity, the 
sum of the compression of^he ellipsoid, and the whole 
increase of gravitatipq fix>m the equator to the pole, is 
equal to five halves of the ratio of the centrifugal force 
to gravitation at the equator. This quantity with regard 
to the earth is | of ^J^^, or ^{3;.^. Consequently, the 
compression of tHe eafdi is equal to rf?-? diminished by 
the whole increase of gi-avitation. So that its form will 
be known, if the whole increase of gravitation from the 
equator to ^he pole can be determined by experiment. 
This has been accomplished by a method founded upon 
the following considerations : — If the earth were a homo- 
geneous sphere without rotation,- Its attraction on bodies 
at its surface would be everywhere the same. If it 
be elliptical and of variable density,. the force of gravity, 
theoretically, ought to increase from the equator to the 
pole, as xaiity pliis a constant quantity multiplied into the 
square of the sine of the latitude (N. 126). But for «L 



d by Google 



Bucr. Vt OSCILLATIONB OF FENmTLUM. 49 

spheroid in rotation, the centrifugal force varies, by the 
kws' of mechanics, as the square of the sine of the lati- 
tude, from the ^qnator, where it is greatest, to the pole, 
M^iere it vanishes. And as it tends to make bddies fly 
off the snr&ce, it diminishes the fofce of gravity by ft 
small quantity. Hence, by gravitation, "which is the dif- 
ference of these two forces, the fell of bodies- ought to 
be accelerated from the equator to the poles proportion- 
ably to the square of the sine of the latitude ; and the 
weight of the same body ought to increase in that ratio. 
This is directly proved by the oscillations of the pendu- 
lum (N. 127), which, in fact, is a falling body; for if the 
faH of bodies be accelerated, the oscillations will be more 
rapid : in order^ therefore, that they may always be per- 
formed in the same time, the length of th^ pendultim 
naust be altered. By numerous and careful experi- 
ments, it is proved that a pendulum which osoiUates 
86,400 times' in a mean day at the equator, will do the 
samlB at eveiy point of the earth's surface, if its length 
be increased progressively to -the pole, as the square of 
the sine of the latitude. 

From the mean of these it appears that the whole 
decrease of gravitation from the poles to the equator is 
0'005'.1449, which, subtracted from TTT-a* shows that 
the compression o^ the terrestrial spheroid is about 
tI?- 27* T^^i^ value has been deduced by the late Mr. 
Baily, president of the Astronomical Society, who has 
devoted much attention to this subject; at the same 
time; it^may be observed'that no two sets of pendttkim 
experiments give the same result, probably from local 
attractions. Therefore, the' question cannot be con- 
sidei^ed as definitively settled, though the differences 
are very small. The compression obtained by this 
method - does^ not differ much from that given by the 
laiiar inequalities^ nor from the arcs in the .direction of 
the meridian, and those perpendicular to it. The near 
coincidence of these three values, deduced by methods 
eo entirely independent of each other, shows that the 
mutual tendendes of the centers of the celestial bcklies 
to one another and the attraction of the earth for bodies 
at its surface result from the reciprocal attraction of all 
tiieir particles. Another proof may be added. The 
4 E 
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notation of the ettrth^.Bxis and the preceasion of the 
equinoxes (N. 143) are occasioned by the action of the 
0un and moon on the .protuberant matter at the earth's 
equator. And although .these inequaJities do not give 
the absolute value of the terrestrial compression^ they 
show that the fraction expressing it is comprised be- 
tween the limits f\^ and m» 

It might be expected that the same compression 
ehould result from each) if the diffwent methods of ob- 
servation could be made without error. This, however, 
is not the case ; for, after, allowance has been made for 
every cause of error, such discrepancies are found, both 
in the degrees of the meridian and in the length of the 
pendulum, as show that the figure of the earth is very 
complicated. But they are so small, when compared 
with the general results^ that they inay be disreg^ed. 
The compression deduced from the mean of the whole 
appears not to diifer much from v^ ; that given by the 
lunar theory has the advantage of being independent of 
the irregularities of the earth's sur^ioe and of local at- 
tractions. The regularity with which the observed 
variation in the len^ of the pepdulum follows the law 
of the square of &e sine of the. latitude, proves the 
strata to be elliptical, and symmetiically disposed round 
the center of gravity of the earth,, which afibrds -a strong 
presumption in favor of its origiiml fluidity. It is re- 
markable how little influence the sea has on the varia- 
tion of the lengths of the arcs of the meridian, or on 
gravitation ; neither does it much affect the lunar ine- 
qualities, from its density being only about a fifbh of the 
mean density of the earth. For, if the earth were to 
become a fluid, after being stripped of the ocean, it 
would assume the form of an ellipsoid of revolution 
whose compression is y^.^, which differ? very Utile 
from that determined by observation, and proves, not 
only that the density of the ocean is inconsiderable, but 
that its mean depth is very small. There may be pro^ 
found cavities in the bottom of the sea, but its mean 
depth probably does not much exceed the mean height 
of the continents and islands above its level* On Sm 
account, immense tracts of land may be deserted or 
overwhelmed by the ocean, as appears really to have 
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been the case, without any great chaage in the form a£ 
the terrestrial spheroid. The Tariataon in the length of 
the penduluhi was first remarked by Kichter in 1672, 
. while observing transits of the f\xed stars across the 
meridian at Cayenne, about^five degrees north of the 
equator. . He ,fpund that his clock lost at the rate of 
2" 28' daily, which induced him to ; determine the 
length of a pendulum beating seconds in that latitude ; 
and repeating the experiments on his return to £urope, 
he found the seconds* pendulum at Paris to be more 
than the twelfth of an inch longer than that at Cayenne* 
The form and size of the earth being determined, 
a standard of measure is fiirnished with which the di- 
mensions of the solar systenfi may be' compared. 



SfX^TtOIV VII, 



FaraUaz— Lana^ FBTBDax found fram diract Obserration^Solsr P«tbIUiz 
deduced from the Trfuuit of Veatte->Distance of . the Sun from th» 
Earth — Annual parallax— Distance of the Fixed Stars. 

Ths parallax of a celestial body ^s the angle under 
which the radius of the earth would be seen, if viewed 
£rom the center of that body ; it afibrds the means of 
ascertaining the distances of the sun, moon, and planets 
(N. 128). When the moon is in the horizon at the 
instant of rising or setting, suppose lines to be drawn 
from her center to the spectator and to the center of the 
earth ; these would form a right-angled triangle with 
the terrestrial radius, which is of a- known length ;. and 
as the parallax or angle at th& moon can be measured, 
air the angles and one side are given; whence the 
distance of the moon from the center of the earth may 
be computed. The paraJlax of an object may be found, 
if two observers under the fame meridian, but at a very 
great distance from, one another, observe its zenith 
distances on the same day at the time of its passage 
over the meridian. By such contemporaneous obser- 
vatioDs at the Cape of ,Grood Hope and at Berlin, the 
mean horizontal parallax of the moon was found to be 
3459'', whence the mean distance of the moon is about 
aix^ times the mean terrestrial radius, or 237)360 miles 
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nearly. Since the parallax is equal to the radius of the 
earth divided by the distance of the moon, it varies with 
the distance of the moon from the eaith under the 
same parallel of latitude, and proves the ellipticity of the 
lunar orbit. When the moon is at her mean distance, 
it varies with the teiTestrial radii, thus showing that 
the earth is not a sphere (N. 129). ~ • 

Although the method described is sufficiently accurate 
for finding the parallax of an object as near as the moon, 
it will not answer for the sun, which is so remote that 
the smelliest error in observation would lead to a fc^lse 
result. But that difficulty is obviated by the transits of 
Venus. When that planet is in her nod^s (N. 130), or 
within 11° of them, that is, in, or nearly in, the plane 
of the ecliptic, she is occasionally seen to pass over the 
sun like a black spot. If we could imagine that the sun 
and Venus had no parallax, the line described by the 
planet on his disc, and the duration of the transit, would 
be the same to all the inhabitants of the earths But as 
the semi-diameter of the earth has a sensible magnitude 
when viewed from the center of the sun, the line de- 
scribed by the planet in its passage ov^r his disc appears 
to be nearer to his center, or farther from it, according 
to the position of the observer ; so that the duration of 
the transit varies with the diflerent points of the earth's 
sur&ce at which it is observed (N. 131). This differ- 
ence of time, being entirely the effect of parallax, fur- 
Dishes%the means of computhig it' from the known 
motions of the earth and Venus, by the same method, as 
for the eclipses of the sun. In fact, the ratio of the 
distances of Venus and the- sun jfrom the earth at the 
time of the transit are known from the thieory of their 
elliptical motion. Consequently the ratio of the paral- 
laxes of these two bodies being inversely as their dis- 
tances, is given ; and as the transit gives the difference of 
the parallaxes, that of the sun is obtained. In 1769v the 
parallax of the sun was determined by observations of a 
trttnsit of Venus made at Wardhus in Lapland, and at 
Otaheite in the South Sea. The latter observation was 
the object of Gook*s first voyage. The transit lasted 
about sa hours at Otaheite, and the difference in dura- 
tion at these two stations was eight minutes-; whonoe 
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the sun's horizontal parallax was fbund to be 8''*7^. 
But by other considerations it has been reduced by 
Professor Encke to 8"*5776; from which the mean 
distance of the sun appears to be about nioety-five mil- 
lions of milea. This is confirmed by an inequalhy in the 
motion of the moon, which depends upon the parallax 6E 
th6 sun, and .which, when compared with observation, 
gives 8"' 6 for the sun's parallax. 

The parallax of Venus is determined by he^ transits ; 
that of Mars by direct observation, and it is found to be 
neady double that of the sun, when the planet is in 
opposition. The distance of these two planets from 
the earth is therefore known in terrestrial radii, conse- 
quently their mean distances from the sun may be 
computed ; and as the ratios of the distances of the 
planets from the sun are known by Kepler's law, of the 
squares of the periodic times of any two planets being 
as the cubes of then* mean distances from the sun, their 
absolute distances in miles are' easily found (N. 132). 
This law is very remarkable, in thus uniting all the 
bodies of the system, and extending to the satollites as 
well as the planets. - . . 

Far as the earth seems to be from the sun,^ Uranus is 
no less than nineteen times ferther. Situate on the 
verge of the system, the sun must appear to it not 
much larger than Venus does- to us. The earth cannot 
even be visible as a teleaaOjAc object to a body so re- 
mote. Yet man, the inhabitant of the earth, soars 
beyond the vast dimensions of the system to which his 
planet belongs, and assumes the diameter of its orbit 
as the base of a^ triangle whose apex extends to the 
stars. 

Sublime as the idea is, this assumption proves ti^ 
effectual, except in a Tery few cases ; for ihe apparent 
places of the fixed stars are not sensibly changed by the 
earth's annual revolution. With the aid derived from 
the refinements of modem astronomy, and of the mos| 
perfect instruments, a sensible parallax has been de^ 
tected only in a very few of these remote suns, a Cett- 
tauri has a parallax of one second of space, therefore it 
is the nearest known star, and yet it is more than two 
hundred thousand times farther from us than the sun 
e2 
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is. At such ft distance not only tbe terreatrial orbit 
shrinks to a point, but the whole solar system, seen in 
the focus of thei most powerful telescope, might be 
eclipsed by the thickness of a spider's thread. Light, 
flying at the rate of 190,000 miles in a second, wouJd 
take more than three years to trayel over that space. 
One of the nearest stars may therefore have been 
kindled or extinguished more than three years, before, 
we could have been aware of so mighty an event. But 
this distance must be small, when compared with tiiat 
of t^e most remote of the bodies whi^h are visible in 
the heavens. The fixed stars are undpnbte^ly Inmi^ns 
like the sun ; it is therefore probable that they are not 
nearer to one another than the sun is to the nearest of 
tliem. In the milky way and the other starry nebula, 
some of the stars that seem to us to be close to others, 
may be far behind them in the boundless depths of 
space; nay, mpy be rationally supposed to be situate 
many thousand times farther oif. Light would thei-e- 
fore require thousands of years to come to the earth 
from those myriads of suns of which our own is "bat 
** the remote companion.** \ 



Section VIII. 



llastM of Plaaeto that have no SatoHites determinod from their PertHTiia' 
tiona — MasMf of the othen obtained firomthe BCotiona of their Saiellitea 
— Masaei of the Sun, the Earth, of Jupiter, and of the Jovial System — 
Mass of the Moon — Real Diameters of Planets, how obtshied — Size of 
Son — Densitiek of the Heavenly Bodies^Formation of Aatronomieal 
Tables — Requisite Datarand Means of obtaining them. 

The masses of ETuch planets as have no satellites, are 
known by comparing the inequalities they produce in 
the motions of the earth and of each other, determined 
theoretically, with the same inequalities given by ob- 
servation ; for the disturbing cause must necessarily 
be proportional to the effect it produces. The masses 
of the satellites themselves may also be compared with 
that of the sun by their perturbations. Thus, it is 
found, fi^m the comparison of a vast number of observa- 
tk>ns, with La Place's theory of Jupiter's satellites, 
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that the mass of the sun m no less than 65,000,000 
times greater than the least of. these moons. But as 
the quantities of matter m any two primary jrianets are 
directly as the cubes of the mean distanoe» at which 
their satellites revolve, and inversely as the squares of 
their periodic times (N. 133), tlie mass of die sun and 
of any planets which have satellites may be compared 
with the mass, of the earth. ' In this manner it is com- 
puted &at the mass of the sun is 354,936 times that 
of the earth ; whence the great perturbations of tbm 
mdon, and the rapid motibn of the perigee and nodes of 
her orbit (N. 134).. £ven Jupiter, the largest of the 
planets, has recently been found by. Profossor Aiiy to 
foe 1048*7 times iess than the sun; and, indeed,. die 
mass of the whole Jovial System is not more than the 
1046-77th port of that of the sun. So that the mass of 
the^satelDtes bears a very small proportion to that of 
their primary. The mass of the moon is determined 
from several sources — from her action on the terres- 
trial equator, which occasions the nutation in the axis of 
roJBtion; from her horizontal parallax; from an in- 
equality she produces in the sun^s longitude ; and from 
her action on the tides. The three first quantities, 
computed from liieory and compared with their ob- 
served values, give her mass respectively equal to the 



iff, -A.j, and, ^.^ part of that of the efioth, which do 
not m&r much from each othen Dr. Brinkley, Bishop 
of CJoyne, has found it toH^e ^^ from the constant of 
lunar nutation ; but from the moon's action in raising 
the tides, her mass appears to be about liie V^ part of 
that of the earth — a value that cannot differ much from 
the truth. 

•The apparent diameters of the sun, moon, and planets 
are determined by meaJsurement ; therefore, their real 
diameters may be compared with that of the earth; for 
the Teal diameter of a planet is to the real diameter of 
the earth, or 7916 miles, as the apparent diameter of 
the planet to the apparent diameter of the earth as seen 
from l^e planet, that is, to twice the parallax of the 
planet) According to Professor Bessel, the mean ap- 
parent diameter of the sun is 1922", and with the solar 
paraJSax v8''«5r776, it vrill be found thatVhe diameter of 
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tki0 aun is about 866,877 miles* Thereforo, if the cen- 
ter of the sUn were to coincide with the center of the 
earth, his ydume would not on]y ificlude the orbit of 
the moon, but would eitend neady as &r again; for 
the- moon's mean distance from the earth is about sizly 
times the earth's mean radius, or i237,360 miles : so that 
twice the distance of the moon is 474,720 miles, which 
differs but little from the solar radiu»; his equatorial 
radius is probably not Dluch less than the major axis of 
t]^ lunar orbit. The diameter of the moon i» only 2160 
miles ; and Jupiter's diameter of 87,000 miles is very 
much less than that of the sun ; the diameter of Pallas 
does not much exceed 79 miles, so that an inhabitant of 
that planet, in one of our steam carriages, might go 
^ round his world in a few hours. f 

The densities of bodies are proportional to their 
masses, divided by theur volumes. . Hence, if the sun 
and planets bo assumed to be spheres, then: volumes 
wUl be as the cubes of their diameters. . Now, the ap- 
parent diameters of the sun and earth, at their mean 
distance, are 1922'' and 17''*1552, and the mass of the 
earth is the 354,936th part of that of the sun taken as 
the unit. It follows, therefore, that the earth is nearly 
four times as dense as the sun. But the sun is so lai^e, 
that' his attractive force would cause bodies to &11 
through about 334*65 feet in a second. . Consequently, 
if he Were habitable by human beings, they would be 
unable to move/ since their weight would be thirty times 
as great as it is here. A man of moderate size would 
weigh about two tons at the surface of the sun ; where- 
as at the surface of the four new planets he would be so 
light, that it would be impossible to stand steady, since 
he would only weigh a* few pounds. The mean density 
of the earth has been recently determined with a de- 
^ee of accuracy that leaves nothing fiirther to be de- 
sired. Since a comparison of the action of two planets 
upon a third gives the ratio of the masses of these two 
planets, it is clear that if we can compare the effect of 
the whole earth with the effect of any part of it, a com- 
parison may be instituted between the mass of thd 
whole earth and the mass of that part of it. Now a 
leaden ball was Weighed against the earth by comparing 
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the effects of each upon a pendulum ; the nearness af 
the smaller mass making it produce a sensible etfect as 
compared with that of 2ie larger : for by tiie laws of 
attraction the wljiole earth must be considered as col- 
lected in its. center. By this method it has been found 
that the mean densityycj tlie earth is 5*675 times greater 
than that of water pt the temperature of 62^ of Fahren- 
heit's thermometer. The late Mr. Baily, whose accu- 
racy as an experimental philosopher is acknowledged, 
was unremittingly occupied nearly four years in accoai- 
plishing this very invportaist object. All the planets and 
satellites appear to be of less density thast the earth* 
tThe motion of Jupiter's satellites show that his density 
increases toward his center. Were his mass homogene- 
ous, his equatorial and polar axis would be in the ratio 
of 41 to 36, whereas they are observed to be only ois 41 
to 38. The singular irregularities in the form of Sat- 
urn, and the great compression of Mara, prove the in- 
ternal structure of these two planets to be very far from 
UDifbrm. . . 

Before entering on the theory of rotation, it may not 
be foreign to the subject to give some idea of the meth- 
ods of computing the places of the planets, and of form- 
ing astronomical tables. Astronomy is now divided into 
the three distinct departments of theory, observation^ 
and computation. Since the jH-oblem of the three bod- 
ies can only be solved. by approidmation, the analytical 
astronomer determines Uie. position of a planet iu space 
by a series of corrections. Its place in its circular orbit 
is first found, then the addition or subtraction of the 
equation of the center (N* 48) to or from its mean plac«v 
gives its position in the ellipse. This agam is corrected 
by the application of the principal periodic inequalities. 
But. as these are determined for some particular position 
of the tj^ree bodies, they require to be corrected to suit 
other relative positions. This process is^ continued till 
the con'octions become less than the errors of observa- 
tion, when it is obviously unnecessary to carry the ap- 
. proximation further. l?he true latitude and distance of 
ihe planet from the sun are obtained by methods similar 
to those employed for the longitude. 
As the earth revolves equably about its axis in 24 
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hotm, at the rate of 15° in an hour, Inne becomes a 
measure of angular motion and the principal element in 
astronomy, where the object is to determine the exact 
state of the heavens, and the successiTe changes it under- 
goes in all ages, past, present, and to come. Now tiie 
bngitude, latitude, and distance of a plandt from the 
sun, are given in terms of the time, by general analytical 
formultt> These formulae will consequently give the 
exact place of the body in the heavens, for any time as- 
sumed at pleasiM*e, protided they can be reduced to 
numbers. But before the calculator begins his task, the 
obseiVer. must furnish the necessary data, which are, 
obviously, the forms of the orbits, and. their positions 
with regard ^ the plane of the ecliptic (N. 57). It is 
therefore necessary to determine by observation for each 
planet, the length of the major axis of its orbit, the ec- 
centricity, the inclination of the orbit to the plane of the 
ecliptic, the~ longitudes of its perihelion and ascending 
node at a given time, the periodic time of the planet, 
and its longitude at any instant arbitrarily assumed, as 
an origin from whence all its subsequent and antecedent 
longitudes are estimated. Each of these, quantities is 
determined from that position of the planet on which it 
has most influence. For example, the sum of the great- 
est and least distances of the planet from the sun is 
equal to the major axis of the orbit, and their difference 
is equal to twice the eccentricity. The longitude of the 
planet, when at itis least distance from the sun, is the 
same with the longitude of the perttielion ; the greatest 
latitude of the planet is equal to the inclination of the 
orbit; the longitude of the planet, when in the i^ane dT 
the ecliptic in passing toward the north, is the longitude 
of tile ascending node, and the periodic time is t£e in- 
terval between two consecutive passages of the planet 
through the same node, a small correction being made 
for the precession of the node, during the revolution of 
the planet {N. 135). Notwithstanding the excellence of 
instruments and the accuracy of.«iodem observers, una- 
voidable errors of observation can only be compensated 
by finding the va^ue of each element from the mean of 
a thousand, or even many, thousands of observadons. 
For aa it is probable that the Errors are not all in one 



d by Google 



SucT. VIII. CORRECTION OP ELEMENTS. 59 

direction, but that sofne are in excess and others in de- 
fect, they will compensate each other when combined. 

However, the values of the elements determined sep- 
arately, can only be regarded as approximate, because 
they are so connected, that the estimation of any one 
independently^ will induce errors in the others. The 
eccentricity depends upon the longitude of the penhe^ 
lion, the mean motion depends upon the major axis, the 
longitude of the node upon the inclination of the orbit, 
and vice versd. Consequently, the place of a planet com- 
puted with the approximate data wiU differ from its ob- 
served place. Then the difficulty is to ascertain what 
elements are most in fault,' since the difference in ques- 
tion is the error of all ; that is obviated by finding the 
errors of some thousands of observations, and combining 
them, so as to correct the elements simultaneously, and 
to' make the sum of the squares of the errors a minimum 
with regard to each element (N. 136). The method of 
accomplishing this depends upon the Theory of Proba- 
bilities ; a subject fertile in most important results in the 
various departments of science and of civil Hfe, and quite 
indispensable in the determination of astronomical aata. 
A series of observations continued for some years will 
give approximate values of the secular and periodic ine- 
qualities, which must be corrected from time to time, 
till theory and observation agree. And these again will 
give values of the masses of ihe bodies forming the solar 
system, which are important data in computing their 
motions. The periodic inequalities derived from a great 
number of observations are employed for the determina- 
tion of the values of the masses till such time as the 
secular inequalities shall be perfectly known, which will 
then give them with a)l the necessary precision. When 
all these quantities are determined ip numbers, the lon- 
gitude, latitude, and distance of the planet from the 
sun are computed for stated intervals, and formed idto 
tables, arranged according to the time estimated from a 
given epoch, so that the place of the body may be deter- 
mined from them by inspection alone, at any instant, for 
perhaps a thousan(l years before and after that epoch. 
By this- tedious process, tables have been computed for 
eleven planets, besides the moon and the satellites of 
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Jupiter. In the present state of astrononiy, the masses 
and elements of the orbits are pretty well -known, so 
that the tables only require to be corrected from time 
to time, as observations become more accurate. Those 
containing the motions of Jupiter, Saturn, and Uranus, 
have already been twice constructed within the last thirty 
years. The tables of Jupiter and Saturn agree almost 
perfectly with modern observation ; those of Uranus, 
however, are already defective, probably because the 
discovery of. that planet in 1781, is too recent to admit 
of much precision in the determination of its motions, 
or that possibly it may be subject to disturbances from 
some unseen planet revolving about the sun beyond the 
present boundaries of our sy^teu^. If, after a lapse of 
years, the tables formed from a combination of numer- 
ous observations should be still inadequate to represent 
the motions of Uranus, the discrepancies may reveal 
the existence, nay even the mass and orbit of a body 
placed forever beyond the sphere of vision. 

The tables of Mar§, Venus, Mercury, and even those 
of the sun, have been greatly improved, and still occupy 
the attention of Professor Airy and other distinguished 
astronomers. We are chiefly indebted to the German 
astronomers for tables of the four new planets, which 
are astonishingly perfect, considering that these bodies 
have not been discovered more than forty years, and a 
much longer time is requisite to develop their inequal* 
ities. 



Section IX. 

Rotdtion of the San and Planett— SaCtum's Rings— Periods of the Rotation 
of the Moon and other Satellites equal to the Periods of their Revola- 
tions — Form of Lunar Spheroid^Libration, iUpect, and Constitution of 
the Mooii — Rotation of Jupiter's Satellites. 

The oblate form of several ot' the planets indicates 
rotatory motion. This has been confirmed in most 
cases by tracing spots on their surface, by which thebr 
poles and times of rotation have been determined. The 
rotation of Mercury is unknown, on account of his prox- 
imity to the sun ; that of the new planets has not yet 
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been ascertained. The sun revolves in twenty-five days 
and ten hours about an axis which is-du*ected toward a 
point half-way between the pole-star and Lyra^ the plane 
of rotation being inclined by 7° 30^, or a Me more than 
seven degrees, to the plane of the ecliptic ; it may there- 
fore be concluded that the sun-s mass is a spheroid, 
flattened at the poles. From the rotation of the sun, 
thercf is every reason to believe that he has a progres- 
sive motion in space, althoug;h the direction to which he 
tends is unknown ; but, in consequence of the reaction 
of the planets, he describes a small irregular orbit about 
the center of gravity of the system, riever deviating from 
his position by more than twice his oWn diameter, or a 
little more than seven times the distance of the moon 
from the earth. The sun and all his attendants rotate 
from west to east, on axes that remain nearly parallel 
to themselves (N. 137) in every point of their orbit, and 
with angular velocities that are sensibly uniform (N. 
138). Although the uniformity in the direction of tdeir 
rotation is a circumstance hitlierto unaccounted for in 
the economy of nature, yet, fi-om the design and adapta- 
tion of every other part to the perfection of the whole, 
a coincidence so remarkable cannot be accidental ; and 
as the revolutions of the planets and satellites are also 
from west to east, it is evident that both must have 
arisen from the primitive cau$e^ which determined the 
planetary motions. Indeed, La Place has computed 
the probability to be as four millions to one that all the 
motions of the planets, both of rotation and revolution, 
were at once imparted by an- original common cause, 
but of which we know neither the nature nor the 
epoch. 

The larger planets rotate in shorter periods than the 
smaller planets and the earth. Their compression is, 
consequently, greater, and the action of the sim and of 
their satellites occasions a nutation in their axes and a 
precession of their equinoxes (N. 144) similar to that 
w^hich obtains in the terrestrial spheroid, from the at- 
traction of the sun and moon on the prominent matter 
at the equator. Jiipiter revolves in less than ten hours 
about an axis at right angles to certain dark belts, or 
bands, which always cross his equator. This rapid rota- 
F 
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tion- occasions a very great compression in his form. 
His equatorial axis exceeds bis polar «xi» by 6000 miles, 
whereas the diifereace in the ax6s of the earth is only 
ahoat twenty-six and a half. It is an evident conse- 
quence of Kepler^s law of the squares of the periodic 
times of the planets being as the. cubes of the n&ajor 
axes of their orbits, that this heavenly bodies move 
slower the farther they are from the sun. In compa- 
ring the periods of the revolutions of Jupiter and Saturn 
with the times of their rotation, it appears that a year 
of Jupiter contains searly ten thousand of his days, and 
that of Saturn about thirty thousaqd Saturnian days. 

The appearance of Saturn is unparalleled in the sys- 
tem of the world* He is a spheroid nearly 1000 times 
larger than the earth, surrounded by a ring even brighter 
than himself, which always remains suspended in the 
plane of his equator; and, viewed with a very good 
telescope, it is found to consist of two concentric rings', 
divided by a dark band. The paean distance of the 
interior part of this double ring from thQ surface of the 
planet is about 22,240 miles ; it is no less than 33,360 
miles broad, but, by the estimation of Sir John Herschel, 
its thickness does not much exceed ] 00 miles, so that it 
appears Uke a phme. By the laws of mechanics^ it is 
impossible that this body can retain its position by the 
adhesion of its^ particles alone. It must necessarily 
revolve with a velocity that will generate a centrifugal 
force sufficient to balance the attraction of Saturn!^ Ob- 
servation confirms the truth of these principles, showing 
that the rings rotate from west tp east about the planet 
in ten hours and a half, which is nearly the tim^ a satel- 
lite would take to revolve about Saturn at the same dis- 
tance'. Their plaiie is inclined to the ecliptic, at an 
angle. of 28° 10' 44^^*5; in consequence of this obliquity 
of position, they always appear elliptical to us, but with 
an eccentricity so variable as even to be occasionally like 
a straight line drawn across the planet. In the begin- 
ning of October, 1832, the plane of the rings passed 
through the center of the earth; in that position they 
are only visible with very superior instruments^ and 
appear Dke a fine Une across the disc of Saturq. About 
the middle of December, in the^ same year, the rings 
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became visible wi^h ordinary iiwtraments, on acoonnt of 
th^ir. plane passing throng- the sub. Ib the end of 
April, 1833, the rings vanished a second time^ and m- 
appeared in^ June of that year. Similar phenomena 
will occur in 1847, a,nd generally as often as Saturn has 
the same longitude with either node of his rings. >£acb 
side of these rings has alternately fifteen years of sun- 
shine and fifteen years of darkness. A dark line has 
been seen in the out^r ring, supposed to^indicate a sub- 
division. - • y 

It ,19 a singular result of theory that die rings could 
not maintain . dieir stiibility of rotation if they were 
everywhere of uniform thickness ;. for die smallest dis- 
turbance would destroy the equjlii^rium, winch would 
become more and more 'deranged, till at last they would 
be precipitated on the surface ef the planet The rings 
of Saturn must, therefore, be irregular solids of uneqiui] 
breadth in dififerent pints of the circumference, so that 
their centers of gravity do not coipcide with the centers 
o£ their figures.' Professor $truve has abo discovered 
"^that the^ center of the ring is not conoentrie with the 
center of Satnm. The interval betvveen the outer edge 
of the globe of the planet and the outer edge of the. ring 
on one side is ll''*272, and on the oth«r side the inter- 
val is ll''*390, consequently there is an eccentricity of 
the globe in^the ring of 0''*215. ' If tihe rings obeyed 
dififerent forces they would ^ not remain in the same 
plane; but the ^powerful attraction of Saturn always 
maintains them and his satellites in the plane of his 
equator. The rings^ by their mutual action, and that 
of the sun and satellites, must oscillate about the center 
of Saturn, and produce phenomena of light and shadow 
whose periods extend to many yearns. ' According to M. 
Beasel the mass of Saturn's ring is equal to the ^ part 
of that of the planet. 

The periods of rotation of the moon and the other 
satellites are equal to the times of thoir revolutions; 
consequently ^6ae bodies always turn the same fiu;e to 
their primaiies. . However, as the mean motion of the 
moon is subject to a secular inequsdity which wiB ulti- 
mately amount to ma£iy circumferences (N. 107), if the 
rotation of the moon were perfectly uniform and not 
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afiected by the same indqaalities, it Would cease exactty 
to counterbalance the motion of revolution ; and the 
moon, in the course of ages, would successively and 
gradually discover every point of her surface to the 
earth. But theory proves that this never 6an happen ; 
for the rotation ol the moon, though it does not partake 
of the periodic inequalities of her revolution, is affected 
by the same secular variations, so that. her motions of 
rotation and revolution round the earth will always 
balance each other and remain equal. This circum- 
stance arises from the form of the lunar spheroid, which 
has three principal axes of different lengths at right 
angles to each other. 

The moon is flattened at her poles from her centri- 
fugal force ; therefore her polar axis is the least. The 
other two are in the plane of her. equator; but that 
directed toward the earth is the greatest (N. 139). The 
attraction, of the earth, as if it had drawn out that part 
of the moon's equator, constantly brings tiie greatest 
axis, andf consequently, the same hemisphere, toward 
us, which makes her rotation participate in the secular 
variations of her mean motion of revolution. Even if 
the angular velocities of "rotation and revolution had not 
been nicely balanced in the beginning of the moon's 
motion, the attraction of the earth would liave recalled 
the ^eatest axia to the direction of the fine joining the 
centers of the moon and earth, so that it would have 
vibrated on each side of that- line in the same manner as 
a pendulum oscillates on each side of the vertical from 
the influence of gravitation. No such libration is per- 
ceptible ; andy as the smallest disturbance would make 
it evident^ it is clear that, if the moon has ever been 
touched by a comet, the mass of the latter must hare 
been extremely small. If it had been only the hundred 
thousandth part of thiCt of the eaith, it would have ren* 
dered the libration sensible. According to analysis, a 
similar libration exists in the motioDs of Jupiter's satel- 
lites, Which still remains insensible to observation, and 
yet the comet of 1770 passed twicp through the midst 
of them. 

. The moon, it is true, is liable to librations- depending 
upon the position of tha spectator. At her rising, part 
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of the western edge of her disc.is visible, which Is in- 
visible at her setting, and the contrary takes place with 
regard to her eastern edge. There are also librations 
arising from the relative positions of the earth and 
moon in their respective orbits ; but as t^ey are only 
optical appearances, one hembphere will be eUsraaStf 
concealed from the 4Miiith. For the same reason, the 
eardi, which mast be so splendid an object to one hmar 
hemisphere, will be forever veiled from the other. On 
Bceotmt of these circumstances, the remoter hemi- 
sphere of the moon has its day a fortnight long, and a 
mght of the same duration, not eren enli^teDed by a 
raodn, wlule the fav«ired side is illuminated by the re- 
flaetion ai die eardi dmring its long m^m, A planet 
exhibiting a snifoee thirteen times liiger than that of 
the Bwoa, with aM t^ varialias joi clouds, famd, and 
water ooosing raecassive^ into view, musk be a tplen* 
did dbryaet to a hmar trateler in a jowney to hte «§- 
tipedes. The graat height <tf the lunar oMMntaiat prob- 
ably baa a ecmsiderabla inflnMioe on t^ pbenonieiia of 
hiv matieii, tba aaare so as faev compression is snallr' 
and heir masa eonsidarable. In dw et»ve pOMing 
tlubttg^ die polea^ and. that dianieter of th* moMi which 
alwagrs peints^ the eardi, satnitB has fumishad H per- 
manent meridian, te which the dilTerenir spots on her 
snrfaoe ha^ Jbeen refiwred, aad tiieif positiens ai« de- 
temuned with as mach aoOEvaey as thosa of maiiy of 
die most remarkable |daces on the surface of emr globe. 
The diitance and mimitenesa of Jupitei'a sateffiMe 
reader it extremely difficult to asoertiiin their rotation* 
It was, however, aecompdished hy Sir 'Wifiiam Hersohel 
fimm their ralslive Mghtness* He observed diat diey 
akemately exceeded each odiar in farilliaiicy, and, by 
comparing the nnxima and minima of their iQlHidbiatfon 
with dMir posidpuB vriativehy to die sua aad to dieir 
prifltovyt ha iaund dist hke tha awon tha dHM t^ tbtAf 
rotation is equal te the perisd of ifaeif varol«diMi tfbK>ttt 
Japiter. Miiai£ was lad te die asaia cooeltMian widi 
lagund to the laarth aatattita^ from die owdan af a spat 
ao its 8uilaea« 

5 rd 
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Section X. 

Botation of the Earth inTariable-^Decrraae in th« Earth's Mean Tempera- 
ture— Earth originallT in a State of Fusion — ^Length of Day constant— 

.. Daciewe of Temperainre ascribed bj Sir John HerBchel to the Vanafciea 
in the Eccentricity of the Terrestrial Orbit — ^Diflerence in the Tempersr 
tore of the Two Hemispheres, erroneously ascribed to the Excess in the 
Lenrth of Sprinr and Summer in the Southern Hemis(^ere ; attributed 
by Mr. L]r«ll to Uie Operation of existing Causes— Three Principal Axes 
of Rotation— Position of the Axis of Rotation on the Sur&ce of the Earth 
inyariable — Ocean not sufficient to restore the Equilibrium of the Earth 
if deomgvd— Its Density and Blean Depth— fntemal Struetura of tho 
Earth. 

The rotation of tjie earth, which detennines the length 
of the day, may be regarded as one of the moetdmport- 
unt elements in the system of the nvnrld. It serves as 
a measure of time, and forms the standard of com- 
parison for the reyolntions of the celestial bodies, which 
by thei» propcNtional increase or decrease would soon 
disclose any changes it might sustain. Theory iind 
obsenration concur in proving. that ^among the innumer- 
able Ticisttitudes which prevail throughout creation, die 
period of the earth's diurnal rotation is immutable. 
The water of rivers, felling .from a higher to a lower 
lejel, carries with it the velocity due to its revolution 
with the earth at a greater distance from the center ; it 
will therefore aocel^ate, although to an almost infinites- 
imal extent, the earth^s daily rotation. The sum of all 
these increments of velocity arising from the descent of 
all the rivers on the earth's surface would in time be- 
come perceptible, did not nature by the {Mrooess of evap- 
oration.raise the waters Ixick to their sources ; and thus, 
by again removing matter to a greater distance from 
the center, destroy the velocity generated by its pre- 
vious approach ; so that the descent of rivers does not 
affect the earth's rotation. Enormous masses projected 
by volcanos frt>m the equator to the poles, and the oon- 
traiy, would indeed affect it, but ther» is no evidence of 
such convulsions. The disturbing action of the moon 
and planets, v?faich has so powerful an effect on the 
revolution of the earth, in no way influences its rota- 
tion. The constant friction of the trade-winds on the 
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mountains and continents between the tixipics does not 
impede its velocity, which theory even proves to be the 
same as if the sea together with the earth ibrmed one 
solid mass. But although these circamstances be in- 
sufficient, a variation in the meaii temperature would 
certainly occasion a corresponding change in the velocity 
of rotation. In the science of dynamics it is a priMi];rie 
in a system of bodies or of particles i-evolving about a 
fixed center, that the momentum or sum of the pro- 
ducts of the mass of each into its angular velocity and 
distance from the center is a constant quantity, if the 
system be not deranged by a foreign cause. Now since 
the number of particles in the system is the same what- 
ever itstemperature may be, when then* distances from 
the center are diminished their angular velocity must 
be increased, in ordeir that the preening quantity may 
still remain constfint. It follows then that as the primi- 
tive, momentum of rotation with which the earth was 
projected into space must necessarily remain Aie same, 
the smallest decreasenn heat by contracting the terresr 
trial spheroid would accelerate its rotation, and conse- 
quently diminish the length of the day. Notwithstand- 
ing the constant accession of heat from the sun's rays, 
geolo^sts have been' induced to befieve from the. fossil 
remains^ that the mean temperature of the globe is de- 
creasing. 

' The high temperature of mines, hot springs, and 
above all the internal tires which have produced and do 
still occasion such devastation on our planet, indicate an 
augmentation of heat toward its center. The increase 
of density corresponding to the depth and the form of 
the spheroid being what theory assigns to a fluid mass 
in rotation, concurs to induce the idea that the tempera- 
ture of the earth was originally so high as to reduce all 
the substances of which it is composed to a state of 
fusion or of vapor, and that in the course of ages it has 
cooled down 'to itd ]M*esent state ; that it is still becoming 
colder, and that it will continue' to do so till the whole 
mass arrives at the temperature of the medium in 
which it is {daced, or rather at a state of equilibrium 
between this temperature, the cooling power of its own 
radiation, and the heating effect of the sun's rays* , 
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Prenons to the fomurtaon of ioe it tke poles, die 
sncient lands of northern ktitodes tnig^ no donbt hsre 
been capable of prodacing those tropical plants pre- 
served in the coal-measures, if indiMd such |4anta could 
flourish without the intense light of a tropical son. But 
eren if the decreasing temperature of the earth be 
sufficient to produce die obsenred effDcts, it mnst be 
extremely slow in its operation ; for in consequence of 
the rotation of the earth being a measure of the periods 
of the celestial motions, it has been proved that if the 
length of the day had decreased by the three-thou- 
sandth pert of a second since the obserratiane of Hippar- 
chus two thousand years ago, it would have diminished 
the secular equation of the moon by A"*4» It is there- 
fore beyond a doubt diat the mean temperature of the 
earth cannot have sensibly varied during that time. If 
then the appearances exhibited by the strata are real^^ 
owing to a decrease of internal temperature, it eitiier 
shows tBe immense periods requisite to {nroduoe gee* 
logical changes, to wiiich two thousand years are as 
n^ing, or &at the mean temperature of the earth had 
arrived at a- state of equilibrium before these observa- 
tions. 

However strong the indicatmna of the primitive 
fluidity of the eaith, as there is no direct proof of it, 
the hypothesis can only be regarded as very probable. 
But one of the most profound philosophers and elegant 
writers of modem times has found in the secular varia- 
tion of the eccentricity of the terrestrial orbit an evident 
cause of decreasing temperature. That aooomplished 
author, in pointing out the mutual dependencies of phe- 
nomena, says, ** It is evident that the mean temperature 
of the whole surfece of the g^obe, in so far as it is mein* 
tained 1^ the action of the sun at a higher degree than 
it would have were the sun extinguished, roust depend 
on the mean quantity of the sun's rays which it re- 
ceives, or — ^which comes to the same thing— -on the 
total quantity received in a given invariahke time; and 
the length of the year being unchangeaUe in all tlie 
fluctuations of the planetary system, it foUowB that th» 
total amount of sokr radiation will determine, cmderis 
paribus, the general climate of the earth. Now; it is 
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not difficult to show that this amouot is inyeraely pro- 
portional to the minor axis of (iie ellipse described by 
the eartii about the son (N. 140), regarded as slowly 
Tariable ; and duKt, therefore, the nu^or axis remaining, 
as. we know it to be constant, and the orbit being actii- 
aliy in a state of approach to a circle, and conseqaently 
the minor axis being on the increase, the mean amraal 
amount <^ solar radiation received 1^- &e whole earth 
mvst be actually on the decrease. We have therefore 
an evideBt real cause to account for die j^enomenon.*' 
The Mmits of the variation in the eccentricity of the 
earth'a orb^ are unknown. But if its ellipticity has 
-ever been as' great as that of the orbit of Mercury or 
Pallas, the mean temperature of the earth must have 
been sensibly higher than it is at present. Whether it 
was great enou^ to render pur northern climates fit 
for the production of tropical fdants, and for the resi- 
4«nee of the elephant and other animals new inhabitants 
of the torrid asime, it is impossible to say. 

Of the decrease in temperature of the northern 
henuephere there is abundant evidence in the fossil 
plants discovered in very high latitudes, which could 
oi^y have existed in a, tropical climate, and which must 
have grown near the spot where they are found, from 
the delicacy of their structure and the perfect state of 
theur preservation. This change of temperature has 
been emmeously ascribed to an excess in the duration 
of spring and summer in die northern hemisphere, in 
consequence of the eccentricity of the solar ellipse. 
The length of the seasons varies with die position of 
the periheli(«i (N. 64) of the earth's orbit for two 
jreasons. On account of the eccentricity, smal] as it is, 
any line passing through the centec of the sun divides 
the terrestrial ellipse into two unequal parts, and by the 
laws of elliptical motion the earth moves through these 
two portions with unequal velocities. The perihelion 
always fiee in the smallqr portion, and there the earth's 
motion is l^e most rap&lL In the present position of 
the perihelion, spring and summer north of the equator 
exceed by about ei^t days the duration of the same 
seasons south of it. And 10,492 years ago the southern 
hemisphere enjoyed the advantage we now pqpsess 
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from Ifae secular variation of the perihe]ioa. .Yet Sir 
John H^rschel has shown that by this alteration nether 
hemisphere acquires aoy excess of light or heat aboTB 
the otibier; for although the earth is-nearer to the sun 
while moving through that part of its orbit in which tiie 
perihelion lies than in the other part, and» consequently 
receives a greater quantity of light and heat, y«t as it 
moves faster it is exposed to the heat for a shorter 
time. In the other part of the orbit, on the contrary, 
the earth being farther from the sun receives fewer of 
his rays, but bMBcause its motion is slower it is expiosed 
to them for a longer time. And as in both cases the 
quanti^ of heat and the angylar velocity vary exactly in 
the same proportion, a perfect compensation takes place 
(N. 141). So that the eccentricity of the earth's orbit 
has little or no effect on the temperature corresponding 
to the difference of the seasons. 

Mr. Lyeil, in his excellent work on Geology, refers 
the increased cold of the northern hem&phere to the 
operation of existing causes, with more probability than 
most theories that have been advanced in sohition of 
this difficult subject. The loftiest |pountains wouk) be 
represented by a grain of sand on a globe six feet m 
diameter, and the depth of the ocean by a scratclv on 
its surface. Consequently the gradual elevatim ot a 
continent or chain of mountains above the surface of the 
ocean, or their depression below it, is no very great 
event compared with the magnitude of the earth, and 
the energy of its subterranean fires, if the same periods 
of time be admitted in the progress 'of geological as in , 
astronomical phenomena, which the successive and va- 
rious raceB^of extinct beings show to have been immense. 
Climate is always «more intense in the interior of con- 
tinents than In islands or sea-coasts. An increase of 
land within the tropics would therefore augment the 
general heat, and an increase in the temperate and 
frigid zones would render the .^old more severe. Now 
ifr appears that most of the European, North Asiatic^ 
and North American Continents and islands were raised 
from'the deep after the coal-measures we]*e formed in 
which the fossil tropical plants are found ; and a variety 
of geolo^cal facts indicate the existence of an ancient 
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and extensive arofaipelago ttirovghoiit the greater put 
of ^he northeifii hemisphere. Mr. Lyell is therefore of 
opinion that the ctimate of these isiands must have 
been sufficiently mild in consequence of the surrounding 
ocean to clothe them with tropical plants, and render * 
them a fit abode for the huge animals whose fossil 
remain^ are so often ibiMiid. That the arborescent ferns 
and the palms of these regions, carried by streams to 
the bottom of tike ocean, were Imbedded in the strata 
which were by degrees heaved up by the subterranean 
fires during a long succession of ages, till die greater 
part of the northern hemisphere became dry land as it 
now is, and that the consequence hajs been a continual 
decrease of teniperature. 

It is evident from the marine shells found on the tops 
of the bluest mountains and in almost every part of 
the globe, that inmiense continents have been elevated 
above 'the ocean, which must have ingulfed others. 
Such a catai^agophe would be occasioned by a variation 
in the position, of the axis of rotation on the surface of 
^ the earth ; for the seas tending to a new equator would 
leave some portions of the glolM and overwhelm others. 
Nowf it is found b^ the laws of mechanics that in every 
body, be its form- or densily what it may, there are at 
least tlaree axes at right angles to each other, round 
any one of which, if the sofid begins to rotate, it wiH 
continue to revolve forever, provided it be not disturbed 
by a foreign cause, but that the rotation about any 
other axis will only be for an instaoft, and consequent^ 
the poles or extremities of the instantaneous axis of 
rotation would perpetually change their position on the 
snr&cfe of the body. In an eUipsoid of revolution the 
polar diameter and every diameter in the plane of the 
equator are the only permanent axes «f rotation (N. 
142). Hence if the ellipsoid were to begin to revolve 
about any diameter between the pole.and the equator, 
the* motion would be so unstable that th#'^axis of rota- 
tion and the position o^the poles would change every 
instant. Therefore as the earth does. not differ mud^ 
from this figure, if it did not turn round one of its prin- 
cipalaaxes, the position of the poles would chimge daily; 
the equator, which is 90° distant, would undergo cor- 
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retpondiiig TariatiQiis ; and llie gaographioal kltades of 
•11 platsM b«iiig estimated from the equator, aaramed to 
be fixed, wooM be perpetoally cha^giag. A displaoe* 
ment in the poaitioii ef the poles of on^ two hundred 
mfles wonld be tuffieieiit to prodnoe these effects, and 
woukl immediately be detected. But aa the latitudes 
are found to be invariable, it may be omicfaided that the 
terrestiaal spheroid must hare roTolted about the same 
axis for ages. The earth. and pianets differ so litde 
from ellipsoids of rey^ution, that in ell probabitity any 
libration from one axis to anodiet product by the 
primitive iii\pulse .which put them in motion, must have 
ceased soon after their creation from the friction of the 
fluids at their surface. 

Theory also proves that neither nutation) precession, 
nor any of the disturbing forces that affect the system, 
have the smallest influence on the axis of rotation, which 
maintains a permanent position on the surface, if the 
earth be not disturbed in its rotation by a foimgn caase* 
as the cdlision of a comet, which might have happened 
in the inunensity of time. But had that been the case, 
its effects would still have been perceptible in ihe varia- 
tions of the geographical latitudes. If We suppose that 
such an event had taken place, and tiiat the disturbance 
had been rary gjcest, equihbrium could then onfy have 
.bqen restored with regard to a new axis of rotation by 
the rushing of the seas to the new equatonr, winch they 
must have continued to do till the surfiEUse was. every*- 
where perpendicuhu' to the direction of gravity. But it 
is probable that such an accumulation of the waters 
would not be sufiicient to restore equilibrium if the de- 
rangement had bee| great, for the mean density (^ the 
sea is onjty about a lifSL part of the mean density oi the 
earth, and the mean depth of the Pacific Ocean is sup^ 
posed not to be more than four or five miles, whereas 
.the equatorial -diameter of the eartii exceeds the polar 
diameter by about 26i miles. Consequently the influ- 
ence of the sea on the direction of gravity is very smalL 
And as it thus appears that a great chan^ in the posi- 
tion of tihe^axis is incompatible with the kiw of eqnitih- 
rium, the geological phenomena in question must be 
ascribed to an internal cause. Indeed it ia^ now demon- 
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strated that the sfarata containiog marine dilnTia wliicb 
are in lofty situations, must have been formed at the 
bottom of the ocean and afterward nj^eayed by the 
action of subterraneous fires. Besides, it is clear from 
the mensuration of t^e avcs of the meridian and the 
length of the seconds' pendulum, as well as from the 
lunar theory, that the internal strata and also the exter- 
nal outline of the globe are elliptical, then* centers being 
coincident and then* axes identical with tiiat of the sur* 
face — a state of things which, according to the distin*. 
guished author late^ quoted, is incompetiUe with a 
subsequent accommodation of the sur&ee to a new and 
different state of rotation from that which determined 
the original distribution of the component matter. Thus 
amid the mighty revolutions which hare swept innumer- 
able races of organized beings from the earth, which 
have elevated pluns and buriod mountains in the ocean^ 
the rotation of the earth and tiie position of the axis on 
its surface have undergone but slight variataons. 

The strata of the terrestrial spheroid are not onlj 
concentric and elliptical, but the lunar ine^pialities show 
that they increase in density from the sur&ce of the 
earth to its center. This would certain^ have happened 
if the eartii had originally been fluid, for the denser parts 
must have subsided toward the center as it approached 
a state of equilibrium. But the enormous pressure of 
the superincumbent mass is a sa&eifivA cause for the 
phenomenon. Professor LesUe observes that air tsom- 
pressed into the fiftieth part of its volume has its elas- 
tici^ fifty times augmented. If it continues to oontiBct 
at that rate, it would, frt>m its own incumbent weidit, 
acquire the density of water at the 4|iipth of thirty-wor 
miles. But water itself would have its density douUed 
at the depth of ninety-three miles, and would even at- 
tain the density of qiiicksilver at a depth q£ 362 miles. 
Descending therefore toward the center through neoiiy 
4000 miles, .the condensation oi ordinary substances 
would surpass the utmost powers of conception. Dr. 
Young says that steel would be compressed into <me-> 
fourth and stone into one-eighth of its b^lk at the earth's 
center. However, we are yet ignowt of the laws of 
compression of solid bodies beyond a'&rtain limit; from 
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the experiments of Mr. PerkioB they appear to be ca- 
pable of a g;reater degree of compression than has gen- 
erally been imagined. 

But a density so exiareme is not borne out by astro- 
nomical observation. It might seem to follow,- there- 
fore, that our planet must have a widely cavernous 
structure, and that we tread on a crast or shell whose 
thickness bears a very small proportion to the diameter 
of its sphere. Possibly, too, this great condensation at 
th^ central regions may be counterbalanced by the in- 
creased elasticity due to a very elevated temperature. 



Section XL 

PreoMrion ftiid Nvtotkm— Their Effscto on the Apparent Places of the 
Fixed Stars. 

' It has been shown that the axis of rotation is invari- 
able Q^ the surface of the earth ; and observation as well 
as theory prove that were it not for the action of the 
sun and moon on the matter at the equator, it would 
remain exactly parallel to itself in every point of its orbit. 
The attraction of an external body not only draws a 
spheroid toward it, but as the force varies inversely as 
the square of ^the distance, it gives it a motion about its 
center of gravity, unless when the attracting body is sit- 
uated in the prolongation of one of the axes of the sphe- 
roid. The plane of the equator is inclined to the plane 
of th& ecliptic at an angle of -23° 27' 34"* 69 ; and the 
inclination of the lunar orbit to the same is 5° 8' 47''*9. 
Consequently, froM the oblate figure of the earth, the 
sun and moon acting obliquely and unequaUy on the dif- 
ferent parts of the terrestrial spheroid, urge the' plane 
of the equator from its direction and force it to move 
from east to west, so that the equinoctial points have a 
slow retrograde motion on the plane of t^e ecHptic, of 
50"*41 annually. The direct tendency of this action is 
to make the planes of the equator and ecliptic coincide, 
but it is balanced by the tendency of the earth to return 
to stable rotation about the polar diameter, which is one 
of its principal axes of rotation. Therefore the incMna- 
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tion of the two planes remaitis <5on9taQt, as a top spin- 
niDg preserves the same inclination to the plane of the 
horizon. Were the earth spherical, this effect would 
not be produced, and the equinoxes would always cor- 
respond with the same points of the ecliptic, at least as 
far as this kind of motion is concerned. But another 
and.totallydiflerent dause which operates on this motion 
has afa-eady been mentioned. The action of the planets 
on one another and on the sun occasions a Teiy slow va- 
riation in the position of the plane of the ecliptic, which 
affects its inclination to the plane of the equator, and 
gives the equinoctial points a slow but direct motion on 
the ecliptic of <V'*31 annually, which is entirely inde- 
pendent of the figure of the earth, and would be the 
same if it were a sphere. Thiis the sun and moon, by 
moving the plane of liie equator, cause the equinoctial 
points to retrograde on the ecliptic; and the planets by 
moving t]:ie plane of the ecliptic give them a airect mo- 
tion, though much less than the former. Consequently 
the difference of the two is, the mean precession, whicn 
is proved both by theory and observation to be about 
SO'^-l annually (N. US). 

As the longitudes oi all the. fixed stars are increased 
by this quantity, the effects of precession are soon de- 
tected. It was accordingly discovered by Hipparchus 
in the year 128 before Christ, from a comparison of his 
own observations with those df Timocharis 155 years 
before. In the time of Hipparchus, the entrance pf the 
sun into the constellation Aries was tiie beginning of 
«pring^ but since that time the equinoctial points have 
reeded 30°, so that the constellations called the signs 
of the zodiac are now at a considerable distance from 
those divisions of the ecliptic which bear their names. 
Moving at the rate of 50''*1 annually, the equinoctial 
points will accomplish a revolution in 25,868 years. 
But as the precession varies in different centuries the 
extent of this period will be slightly modified, ^ince 
the motion of the sun is direct, and that of the equinoc- 
tial points retrograde, he takes a shorter time to return 
to the equator than to arrite at the same stars ; so that 
the tropical year of 36^^ 5^ 48" 49«'7 must bo increased 
by the time he takes to move through an arc of 5(y''l, 
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IQ order to have the leagtih of the sidereel yecr. Tfatt 
time required is 20" 19**6, so that the sidereal year con- 
tains 365'^ &" 9" 9**6 mean solar days. 

The mean annual precessioB is aubjeet Co a aeenhur 
variation ; for although the change ia the plaae of the 
ecliptic in which the orbit of ike sun User be iodepeodent 
of the form of the earth, yvt by bringing tbe sun, moon, 
and earth into diiferMit relatiTo poMtions from age to 
age, it alters the direct action of the .two first en the 
(nrominent matter at the equator : on this acoount Ihe 
motion ef the equinox ia greater, 1^ 0'-*456 now than It 
was in the time of Hipparchus. Consequently the ac- 
tual length of the tropical year is about 4**21 shorter 
than it was at that time. The utmost diange that it 
can experience from this ^ause amounts to 43 seconds. 

Sucn is the secular motion of the equinoxes. But it 
is sometimes increased and aometimea diminiahed by 
periodic Tariations, whose periods depend upon ^b» 
relative positions of the sun and moon with regard to 
the earth, and which are occasioned by the dnrect ac« 
tion of these bodies on the equator. Br* Bradley diaooT^- 
ered that by this action the moon causei^ liie pole of the 
equator to describe a small ellipse in the heavens, the 
axes of which are id''*5 and 13''*674,:the lei^r bein# 
directed toward the pole of the ecliptic. The period 
of this inequality is about 19 years, lh« time em^^oyed 
by the nodes of the lunar orbit to accompliah a revolu- 
tion. The sun causes a small variation in the deocrip- 
tion of this ellipse ; it runs through its period in half a 
yeaTi Since the whole earth obeys these motioii» they 
affect the position of its axis of rotation with regard to 
the starry heavens, though net with regard to the sur- 
face of die earth; for in conse^pience of precession 
alone the pole of the equator moves in a circle round 
the pole of the ecliptic in 25,868 years, and by uutation 
alone it describes a small ellipse in the heavens every 
19 years, on «adi side of which it deviates every half 
year from the action of the sun. The real curve traced 
in the starry heavens by the imaginary prolongation of 
the earth's axis is compounded of these three moticms 
(N. 144). This Butatibn in the earths axis affects both 
the precession and obliquity with sma^ peiiodic varia^ 
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ti<Mi». But iQ coBsoqiieiioe of t&e soenkr mtetkm in 
the poaitaon of tbo terrestrial orbit, which is chiefly 
owing to the diaturbing energy oC Jupiter on the eartfa^ 
the obliq«ity of the ecliptic is snm&Uy dininisbed, ao^ 
osK^mg to M. Bessel, by <r'*467. This variation in the 
course oCmges may araeuBt to 10 or 11 degrees ; bat the 
c^Mqoity of the ediptic to lh& eqasitor can never viry 
more than 2« 42" or 3^^ since Cbe eqoator will follow in 
aoma measure the motion of the eol^xtio* 

It is evident that the piaoes of aJl the oelsstial bodies 
are afieefted by preeoasion and nnlation. Their longi- 
tades aatimeted from the ecpimaK are sngmenfeed by 
proceaskn ; baft as it efiects all the bodies egoally, it 
mekes n6 ehange in their relative positions. ]w>lh Uie 
eelestial ktitades and long^lndes are altered to a smafl 
degree by nutation; hence all observations must be 
oorreeted for these inequalities. In conseqfoeiMse. of this 
reel metiofi in the esnh's axis the pole star, forming 
part uf the oonrtelklaon of the Little Besr, wtOcli was 
fimeiimrfy 12'' from the celestial pole, is new within 1^ 24' 
of iU and wUl continue Id approach it till it is witiiia ^% 
after which it will retreat £mm tiie pole lor ages; and 
12^934 years hence the star a Ijym wiH oome within 
5"" of the oelastial pole, and beoome tbe polar star of 
die narthem hemisphere. 



Section XII. 

Afean and Ajpotaent Sidereal Time— Mean and Aftparent Solar Time — 
Eqnatien ol TinM» Enftiali aad PreiDab Snbdmaiana of Tiue— Leap 
Teai^Cbriatian £»— Eqaia«efcial Time^RenarkaUe Era* dapettdiaf 
upon the Foeition of the Solar Perigee — ^InequalitY of the Lengths of 
the Seasons in the twoHemispheres— Application of Astronomy to Chro- 
BoLogy^Engbiih and Freneh Standioda si WeislitB and MsMautts. 

AsTKONOMT has been e€ immediate and essential use 
in afierding invariable standards for. measmring duration, 
diatanee, magnitude, add velocity. The mean sidereal 
day measm^d by the time ^psed between two consec- 
vtive transits of any star at the same meridian, and the 
mean sidereal year, which is the time included between 
two conseenti?e ^returns of tiie son to the same star, 
are inyanntahle units with whidi all great periods of 
' o2 
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time ne eompered ; the oeeillatioiis of- the iBoohrooow 
pendulum measure its smaller. portioiis. By these in- 
variable staodards alone, we can judge of the slow 
changes that other elements of the ^stem may have 
undergone. Apparent sidereal time, ydiich is measured 
by the transit of the equinoctial pmnt at the meridian of 
any place, is a Tariable (]piantity, from the effects of 
precession and nutation. Clocks showing apparent 
sidereal time^ are. employed for ebserration, and are so 
regulated that they indicate 0^ 0** 0* at tbe instant the 
equinoctial point passes the meridian of the observatory. 
And as time is a measure of ai^ular motion, the dock 
gives the distances of the heavenly bodies from the 
equinox by observing the instant at which each passes 
the meridian, and converting the intervfd into arcs at the 
rate of 15° to an hour. 

The returns of the sun to the meridian and to the 
same equinox or solstice, have been universally adopted 
as the measure of our civil days and years. The solar 
or astronomical day is the time that elapses between 
two. consecutive noons or midnights. It is consequently 
longer than the sidereal day, on account of the proper 
motioD of the sun during a revolution of the celestial 
sphere. But as the sun moves with greater rapidity at 
the winter than at the summer solstice, the astronomi- 
cal day is more nearly equal to the sidereal day in sum- 
mer than in winter. ^ The obliquity of the ecliptic also 
affects its duration; for near die equinoxes the arc of 
the equator, is less than the corresponding arc of the 
ecliptic, and in the solstices it is greater (N. 145). The 
astronomical day is. therefore diminished in the first 
case, and increased in the seconds If the sun moved 
uniformly in the equator at the rate of 59' 8"* 33 every 
day, the solar days would be all equal. The time there- 
fore which is reckoned by the arrival of an imaginary 
sun at the meridian, or of one which is supposed to 
move uniformly in tiie equator, is denominated mean 
eolar time, such as is giv^a by clocks and watches in 
common life. When it is reckoned by the arrival of the 
real sun at the meridian it is apparent time, such as is 
given by dials. The differencebetween the time shown 
by a cl<^k and a dial is the equation of time given in 
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the Nantieal Almanac, soiaetimes amoniitiiig to as -much 
as sixteen minntes. The apparent and mean tune cohi- 
eide four times in the year ; when. the sun's daily mo- 
tion in right ascensbn is equal to 59' &''^ in a mean 
solar day, which happens alwut the 16th of April, the 
16th of June^ the 1st of September, and the Sdtiti of 
December. , 

The astronomical day begins at noon, but in common 
reckoning the day betgins at midnight. In £n^and it is 
divided into twenty-four hours, which are counted by 
twelve and tw^e ; but in France astronomers, adopting 
the decimal division, divide the day into ten hours, the 
hour into one hundred minutes, and the minute into a 
hundred seconds, because of the facility in computation, 
and in conformity with their decimal system of weights 
and measures. This subdivision is not Uow used in 
common life, nor has it been adopted in any other 
countiy ; and although some scientific writers in France 
stiU employ that division of time, the custom is begin- 
ning to vrear out. At one period during the French 
revolution, the clock in the gufdens' of tfaie Tuileries was 
regulated to show decimal time. The mean length of 
the day, though accurately determined, is not sufficient 
for the purposes either of astronomy or civil life. The 
tropical' or civil year of 365^ 5^ 48'" 49»*7, which is the 
time elapsed between the consecutive returns of the<sun 
to the mean equinoxes or solsticeis, including all the 
changes of the seasons, is a natural cycle peculiarly 
suited for a measure of duration. It is estimated from 
the winter solstice, the middle of the long annual night 
under the north pole. Butr although the length of the 
civil year is pointed out by nature as a measure of long 
periods, the incommensurability that exists between the 
length of tlie day and the revolution of the sun, renders 
It difficult to adjust the estimation of both in whole num- 
bers. If the revolution of the sun were accomplished 
in 365 days, all the years would be of precisely the same 
nunaherofdays, and would begin and end with the sun 
at the same point of the ecliptic. But as the sun^s revo- 
lution includes the fraction of a day, a civil year and a 
revolutioa^of the sun have not the same duration. Since 
the fraction is nearly the fourth of ti day, in- four years 
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H tti nearlf aqfoal to a revotatioii of tiw aoiit ao that the 
additioB of a superBiuDoniy day evmy fonrtii year 
noariy compenMliss lihe diffenoco. But in pvooow of 
timo fiurthor correctkHi will b* noBiamy, beca u ae the 
fraction ia losa dian the fourth of a day. In ftet, if a 
MBaoxtBe be aoppraaaed at the end of throe out of fonr 
centuries, the year so determined will only exceed the 
true year by an extremely amall fractioD ot a day ; and 
if in addition to diia a biasextile be aiqipressed eveiy 
4000 yeam, Ili» length of tiia year will be nearly equal 
to Aat ^nrott by ebflervalMm. Were the fraetioB nag* 
leeted, t£e beginning of tba year would precede that of 
liie IrofNcai year, ao that it would retrograde through 
the different aaaaona in a period of about 1507 yean. 
The Egyptian year began with the faehaeal rising of 
Sirius, and contained oiSy 366 days, by which they lost 
one year in every 1461 years, their Sothaic period, or that 
cycle in which ^e hehaeal rising of Siriaa passes thnnigh 
t^ whole year and takes place again on the same di^. 
The comflaancement ui timt cycle is pkeed by ancient 
cbroaolo^sts in the year 1323 before the Christian enu 
The division ef the year into moadis is veiy eld and afanost 
universal. But the period of seven days, by for the 
iQost permanent division of time, and the moat ancient 
monument of astronomical knowledge, was used by ^b» 
Brahmins in India witii the same desandnatiMia en»« 
pk)yed by us, and was alike found in the calendars of the 
Jews, Egjpl^ns, Arabs, and Assynamu It has survived 
the foH of empires, and has existed among all succeosive 
generations, a proof c^ their common arigin. 

The day of the new moon immediately following the 
winter soktiee in the 707th year of Rome, was naade th» 
1st (^January of the first year of JuMna CaBser. Tho 
2dth of December of his forty-fifth year is considered as 
the date of Christ's nalavity ; and the forty-sixtli year of 
the Julian Calendar is assumed to be the first of our 
era. The preceding year is catted the first year before 
Christ by ehronologists, but by astronomers it is called- 
the year 0. The astronomical year be^ns on the 3l8t 
of December at noon; and the date of an observation 
expresses the days and honrs which haveaotnal^ etepsed 
•inonthattim^. 
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. Sinc^ Bcfyar and sidereal time are estimated from the 
passage of the sun and the eqtunoctia] point across the 
meridian of each place, die hours are different at dtfTer- 
ent places : while it is on& o^dock at one place H is two 
at miother, three at another, 6cc, \ for itvis obriotis' that 
it is noon at one part of the globe, at die same moment 
thatjt is midnight at^another diametrically opposite to it; 
eonseqnendy an event whidh happens at one and the 
'same instant of absolute time is recorded at tfiffereni 
places, as having happened at d^erent timi^s. There- 
fivre, when observations made at different places are to 
be compared, they must be reduced by computation to 
what they w<^ttld. have been had they been tnade un<fbr 
the same -meridian. To obvittte this, it wbs proposed by 
Sir Jehu Herschel to employ mean equinoctial time, 
whiok is the same ^ir all the world, tod independent 
aMke of local circumstances and inequalities in the sun*8 
mofion. It is the time elapsed from the instant the mean 
sun enters tibe mean vermd equinox, tod is reckoned in 
mean solar days and parts of a day. 

Some remarkaMe astronomical eras are determined by 
the poMtion of the major axis Of the solar ellipse, which 
depeikb upon the direct motion df the perigee (N. 102) 
and the precession of the equinoxes conjoinfly, th^ 
annual motion of the one being 11 '"'S, and that of the 
other W'l, Hence the axis, moving at thd rate of 
61 '^-9 annually, accomplishes a tropk»l revolution in 
209-84 years. It coincided with the fine of the equinoxes 
4000 or 4089 years before the Christian era, much about 
the time chronologists assign for the creation of man. In 
6483 the major axis vrill again coincide with the line of 
the equinoxes ; but then the solar perigee ^H coincide 
with Uie equinox of autumn ; whereas at the creation of 
0ian it comcided wi& the vernal equinox. In the year 
1246 the major axis was perpendicular to the fine of the 
eqtiinoxes ; then the sohtf perigee toincided with the 
solstice of summer, and the apogee with the scAstice of 
winter. Aeoording to La P]lll6e,'who computed these 
periods from ditferent datft^ the last coincidence hap- 
pened in the y&tit 1250 of our era, ithich induced hidi to 
propose that year as a univenisal epoch, the vernal equi- 
Box.of the year 1260 ttf hmibd fiifSt day of the first year. 
6 
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These eras can only be regarded as ajpproximate, since 
ancient observations are too inaccurate, and modem ob> 
servations too recent, to afford data for their precise 
determination. ■ 

The variation in the position of Ifae solar ellipse occa- 
sions corresponding changes in the length of the seasons. 
In its present position spring is shorter than summer, 
and autumn longer than winter ; and while tiie solar 
perigeei continues as it now is between the solstice of 
winter and the equinox of springs the period 'including 
spting and sumnier will be longer than Uiat including 
autumn and winter. In this century the di^erence is 
bdfeween seven and ei^t days. The intervals will be 
equal toward the year 6483, when the perigee will coin- 
cide with the equinoxtof spring ; but when it passes that 
point, the spring and summer: taken together will be 
^shorter than the period including the autumn and winter 
(N. 147). These changes wiH be accomplished in a 
tropical revolution of the major axis of the eartii's orbit, 
which includes an interval ofv 20,964 years. Were the 
orbit circular, the seasons would be equal ; Jtheir.difier- 
ence arises from the eccentricity of the orbit, smtOl as it 
is ; but the changes are so trifling as to be imperceptiUe 
in the short span of human life. 

No circumstance in the whole science of astronomy 
excites a deeper interest, than its application to chronol* 
agy. "Whole nations,'* says La Place, "have been 
swept from the earth, with- their, languages, arts, and 
sciences, leaving but confused masses of ruins to mark 
the pibce where mighty cities stood ; their history with 
the exception of a few doubtful traditions has perished ; 
but the perfection of their astronomical observations 
marks their high antiquity, fixes the periods of their ex- 
istence, and proves dmt even at that early time they 
must have made considerable progress in science." The 
ancient state of the heavens may now be computed with 
great accuracy ; and by comparing the results of calcu- 
lation with ancient observations, the exact period at 
which they were made may be verified if true, or if 
£llse their error may be detected. If the date be accu- 
rate and the observation good, it will verify the accuracy 
of modern tables, and will show to how many centuries 
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th«3r may be exiended without tlie fear of error. A few 
examples will show the importance of the subject. 

At the solstices the sun is at his greatest distance from 
the equator, consequently his dechnation at these times 
is equal to the obhquity of the ecliptic (N. 148), which 
was formerly determined from the meridian len|^ of 
the shadow ef the stile of a dial on the day of a solstice. 
The lengths of the meridian. shadow at the sununer and 
winter solstices are recorded to have been observed at 
the city of Layang, in China, 1100 years before the 
Christian era. From, these the distances of the sun 
from the ^zenith (N. 149) of the city 6f Layang are 
known. Half the. sum of these zenith distances de- 
termines the latitude, and htd£ tbeor difference gives the 
obliquity of the ecliptic at the period of the obft^ation j 
and as the law of the variation of the obliquityis knowny 
both the time and place of the observations have been 
verified by computations from modem tables. Thus 
tho Chinese had made some advances in the science of 
astronomy at that early period. Their whole chronol- 
ogy is founded on. the observations of eclipses^ which 
prove the existence of that empire for more than 4700 
years. The epoch of. the lunar tables of the. Indians, 
supposed by Bailly to be 3000 years before the Chris- 
tian eray was proved by La Place, from the acceleration 
of the moon, not to be more ancient than the time of 
Ptolemy, who lived in the second century after it. The 
great inequality of Jupiter and Saturn, whose cycle em- 
braces 918 years, is peculiarly fitted for marking the 
civilization of a people. The Indians had determined 
the mean motions of these two planets in that part of 
their periods, when the apparent mean motion of Saturn 
was at the slowest, and tibat of Jupiter the most rapid. 
The periods in which that, happened were 3102 years 
before the Christian era, and the. year ^491 after it. 
The returns of comets to their perihelia may possibly 
mark the present state of astronomy to ftiture ages. 

The places of the fixed stars are affected by the pre- 
cession of the equinoxes ; and. as the law of that varia- 
tion is known, their positions at any time may be com- 
puted. Now Eudoxus, a contemporary of Plato, men- 
tions a star situate in the pole of the equator, and it ap- 
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pears from eompiitatioii that x Dnooato irw not vny 
far from that plice about 3000 yean a^ ; but aa^it ia 
ootf about 2150 years since £ud«xus lived, he must 
have deseribed an anterior state of the hearenst sup^ 
posed to be the same that Iras m«lrtioiied by Chiron 
about the time of the siege of Troy. Thus erexy &f* 
eumstance cooeurs in showing tiiait astrunomy was cul- 
tivated in the highest ages of antiquity. 

It is possible that a knowledge of astrcmomy migr lead 
to the interpretation of haero^yphieal cfaaractera. Ab* 
tronoBUcai signs are often found^on the aneient Egyptian 
monuments, probably employed by the pneste to reeofd 
dates. The author had occasion to witness an inatanee 
of tills most interesting iqjplication of astrondmy, in as- 
certaining the date of a papyrus, sent from Egypt by Mx* 
Salt, in the hieroglypliacal reseandies of the late Dr. 
Thomas Young, whose profound and varied acquire- 
ments do honor to his couutvy, and to the age in which 
he lived. The manuscript was found in a mummy case ; 
it proved to be a horoscope of the age of Ptolemy, and 
its date was determined from the oonfiguraticm of the 
heavens at the tiotie of its construction. 

The form of the earth furnishes a standard of weights 
and measures fyr the ordiniuy purposes of life, as weH ^ 
aa for the determanation of the masses and distances of 
the heavenly bodies. The length of the pendulum 
vibrating seconds of mean solar time in the latitude of 
London, forms the standard of the British measure of 
extension.' Its approximate length ..osciBatiog in vacua 
at the temperature of 62^ of Fahreidieit^ and reduced 
tQ. the level of the sea (N. 160), was determined by 
C^aptain Kater to be 39*1393 inches. The we^;ht of a 
cubic inch of water at the tempemtitfe of 02^ of 
Fahrenheit, baiometer 30 inches, war also determined 
& parts of the imperial troy pound, whence a^standctrd 
both of weight and capacity was deduced. The French 
have adopted the metre equal to 3*280899^ En^h feet 
for their unit of linear measure, which is the ten-mil- 
lionth part of that qoadiunt of the meridian (N^-Ul^ 
passing through Formentera and Greenwich, the middle 
of which is neoriy in the. forty-fifth degree of latitude. 
Should the^ national standards of l^e two countries be 
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lost in the vicissitode.of btunan aiAurt, bath mar be 
recovered ; since tiiey are derived from oataral Btaodards 
presumed to be invariable. The length of the pendu- 
kim woald be found again Ynth more facility than the 
m^tre. But as no measure is mathematically exact, an 
error in the Original standard may at length become 
sensible in measuring a great extent, whereas the error 
that must necessarily arise in measuring the quadrant of 
the meridian is rendered totally insensible by subdi- 
vision in- taking its ten-millionth part. The French 
have adopted the decimal division, not only in time but 
also in their degrees, weights, and m6asures\ on account 
o£the very great facility it affords in computation. It 
has not been adopted by any other people, though 
nothing is more desirable than that all nations should 
concur in using the same standards, not only on account 
of convenience, but as affording a more definite idea of 
ouanti^. It is singular tiiat the decimal division of the 
day, of degrees, weights, and measures, was employed 
in China 4000 years ago ; and that at die time Ibn Junis 
made his observations at Cairo about the year 1000 of 
the Christian era, the Arabs were in the habit of em- 
ploying the vibrations of the pendulum in tiieir astro- 
nomical observations as a measure of time. 



Sectiow xin. 

Tide! — Faroes Uist produce them — Three Unds of OaciUstiaiiB in the Ooeaii 
— ^The Semiditireal Tides— Eqninoetial THdee-r-Eflbcts oC the Decima- 
tion of the ^un ood Moon— Theory iBnCfficiettt vithoot Obfl)erT»tioii~ 
Direction of the Tidal Wave— Height of Tides— Maes of Moon obtained 
from her Action 6a the Tidear-Interference of Undulation*— Impossi- 
H^ty of a> UniTewalJjunndationr^MTente.' 

One of the most immeiiKate and remarkable effects of 
a gravitating force external to ^he earth, is the altepoate 
rise and fall <^ the surface of the sea twice in the course 
iif a lunar day, or 24^ 50** 28* of mean solar time. As it 
depends upon the action ofthe sun and moen, it is classed 
among astronomical problems, of which it is by far the 
most difficult and its explanation the least satis&ctory. 
T^e form of tlie surface of thV ocean in.equilibriowhen 
revolving with the earth round its axis, is an ellipsoid 
H 
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flattened at the j[x>les; but the action of. the sun and 
moon, especially of the moon, disturbs the equilibriuip of 
the ocean. If the moon attracted the center of gravity 
of the earth and all its particles, with equal and parallel 
forces, the whole system of the earth and the waters 
that cover it would yield to these forces with a common 
motion, and the equilibrium of the seas would renMiin 
undisturbed. The difference of the forces and the ine- 
quality of their directions alone disturb the equilib^um. 

It IS proved by daily experience as well as by strict 
mathematical reasoning, <that if a number of waves or 
oscillations be excited in a fluid by different forces, each 
pursues its course and has its effect independently of 
the rest. Now in the tides' there are three kinds of 
oscillations depending on different causes, and producing 
their effects independently of each other, which may 
therefore be estimated jseparately. 

The oscillations of the first kind, which are very small, 
are independent of the rotation of the earth ; and as they 
depend upon the nu)tion of the disturbing body in its 
orbit, they are of long periods. The second kind of 
oscillations depends upon the' rotation, of the earth, 
therefore their period is nearly a day. The oscillations 
of the third kind vary with an angle equal to tmce the 
angular rotation of the earth, and consequently happen 
twice in twenty-four hours (N. 162). The first afford 
no particular interest, and are extremely small ; but the 
difference of two consecutive tides depends upon the 
second. At the time of the solstices, this difference, 
which ougbt to l^e very great according to Newton's 
theory, is hardly sensible on bur shores. La Place has 
shoWn, that the discrepancy arises fi-om the depth of the 
sea ; and that if the deplii were uniform, there would 
be no difference in the consecutive tides but that which 
is occasioned by local circumstances. It follows there- 
fore that as this difference is extremely small, the sea 
considered in a large extent must be nearly of uniform 
depth ; that is tx) say, there is a certain mean depth from 
which the deviation is not; great. The mean depth of 
the Pacific Ocean is supposed to be about four or five 
miles, that of the Atlantic only three or four, which, 
however, is mere cpnjecture. From the formula?, which 
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determine the difference' of the consecntiFe tide*, it is 
proved that the precession of the equinoxes, and the 
natation of the eartVs axis, are the same as if the sea 
formed one sohd mass with the eart;h. 
. Oscillations of the third kind are the semidiurnal tides 
so remarkable on our coasts. They are occasioned by 
the comMned ilction of the sun and moon ; but as the 
effect of each is independent of the other, they may be 
considered separately. 

The partides of water under the mopn are more at- 
tracted than the center of gravity of the earth, m the 
inverse ratio of the square of the distances. Hence 
tfaey.have a tendency to leave the earth, bi^t are retained 
. by their gravitation, which is diminished by this tendency. 
On. the^ contrary, the moon attnwsts the center of the 
earth, more powerfully than she attracts the particles of 
water in the hemisphere opposite to her ; so that the 
earth has a tendency to leave the waters, but is retained' 
by gravitation, which is again duninished by this tendency. 
Thus the .waters immed&tely under the moon are. drawn 
from. the eardi, at th!e same time that the e^rth is drawn 
from those ^which are diametrically opposite to her, in 
both instances producing an elevation of the ocean of 
nearly tiie inme hei^t (£ove the 8ur£Eice of equilibrium ; 
for. the diminution of 1h6 gravitation o[ the particles in 
each position is almost the same, on account of the dis- 
tance of the moon being great in comparison of the ra- 
dius of^the earth. Were the eardl entirisly covered by 
the ^ea, the waters thus attractisd by the moon would 
assume the form of an obk>ng spheroid whose greater 
asJS would point toward the moon ; since the columns of 
water under the moour and. in the direction diametrically 
opposite to her, are rendered lighter in consequence of 
the diminution of their gravitation ; and in order to pre- 
serve the equilibrium, the axes 90° distant would be 
shortened. "-. The elevation, dn account of the smaller 
space to which it is confined, is twice as great as tJie 
depression ; because the contents of the spheroid alwajrs 
remain the same. If the waters were capable of assum- 
ing the form of equilibrium ihstantaneously, that is the 
form of the spheroid, its summit would always point to 
the«moon notwithstanding the earth's rotation. But on 
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■ceounl of liieir roktancft, die rapid motwo prodooed 
in them by rotation preventi them from aasuming at 
wry instant tbe form which the eonilibrium of the 
forces acting upon tiMttn reqoires. Uenoe on aceoont 
of the inertia cSf the waters, if the tides be considered 
relativeiy to the whole earth and open seas, there is a 
meridian about 30^ eastward of the moon, where it m 
always high water both in the hemisphere -where the 
moon is and in that which is of^Misite.' On Uie west 
side of this drde the tide is fkming, on the east it is 
ebbing, and on ewerv part of tiie merklian at 90^ distaift 
it is low water. This great waTO, ^i^ch foUows all the 
motions of the moon as far as the rotatioii of the earth 
win permit, is sMxIified by the aotioB of ihe sob, the 
effects of whose attraetion are in every respeet like 
those produced by the''moon, though greatly leaa in de^ 
g^ee. Consequently a similar wwre, SaX much smaller,' 
raised by the sun tends to foUew his motions, which al 
times oombines with the lunar wave, and at others op- 
posep il^ aoooiding to the relative positiotts of the two 
luminaries; but as the lunar wave is on^ modified a- 
little 1^ the solar, ^e tides must neoesMinly happen 
twice in a day, sin^ the rotation of the earth Mngs the 
same poiitf twice under the meridian of the mopn in 
diat time, once under the superior and onee under the 
inferior meridian. 

In the smnidiumal tides there are two phenemena 
particular^ to be distmgniriied, one occurring twice in a 
montii^ and the other twice in a year. 

The first phenomenon is that the tides are much in- 
creased in the syzynes, or at the time of new and fuB 
moon (N. 1^3). In ooth cases the sun and moon are in 
the same mendian t for when the moon is new they are 
in conjunction ; and when she is fhll they are -in opposi* 
tion. In each of these positions, their action is com- 
bined to produce the highest or spring tides under that 
meridian, and the lowest in those points that are 90^ 
distant. It is observed that the higher tiie sea rises in 
full tide, the lower it is in the 'ebb. The neap tides take 
I^ace when the moon is in ouadrature ; they neither rise 
so high nor sink so low as tne spring tides. The spring 
tides are much increased when the moon is in perigee^ 
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because tslie b tben nenrest tio the eaittl. It is evident 
tiii^t die strong tides must happen tvHoe in a month, 
aipce in that txme the moon is once new aAdonce full. 

The seoond i^enomenon in the tides is the augmen- 
tttlion ocenrring at the time of the eqninoKes when die 
•un*« deeUnatifin ^N. 154) is zero, which happens twice 
everj year* The greatest tides take place when a new 
or. loH moeo haf^ns near the equinoxes, wUle the 
moon is in perigee. The inclination d the moon's orbit 
to the eetiptie is 5° 8' 47''*9; hence in the eqaipoxes the 
aetion of ihe moon wecdd he increased if her node were 
to coincide with her perigee ; for it is clear that the ac- 
tien pf the snh and moon on the ocean is most direct 
and i^t^nse when fchejr mee in the plane of the eqaator, 
aad Ml the same oaeridian, and when the moon in con- 
joiMttiiEMi t»r opposition iii at her least distance from thie 
mifih^ The spring tides which happen under all tiiese 
fmQf9i>l» euncumstanees mnst be the greatest possible. 
The eqniiiQctlal gales often raise them to a great height. 
Betides tbese remurkid)la variations, there are others 
OTsing firom the deoMnationor aiq^lar distance of the 
SUA and moon from die plane of the equator, which have 
9 great influenee on ^e ebb and flow of the waters. The 
s^Q and* moon are oontinuaHy making the oiroiift of the 
hpavens at difiwrent distances from the plane of the 
equator, on account of the obJiqui^ of the ecliptic and 
tlia inefinatieB cf ^e hinar orbit. The moon takes about 
twen^-nine da^w and a half to vary through aU heir de- 
clinations, which sometimes extend 28| degrees on each 
side of tho'equator, while the sun requires nearly 365f 
days to accomplish his motion from tropic to tropic 
threui^ about 23| d^prees ; so that their combined mo- 
tion^ causes great Irregularities, and at times their at- 
tractive forces counteract each odier's effects to a certain 
extant ; but on an. average the mean monthfy' range of 
the moon's declination is nearijrthe same as die annual 
raqge of the deefination of the sun : oonsequendy the 
highest tides take pkee withindhe tropics, and the low- 
est toward die poles. The decttnation of the moon 
hkewise causes the two tides of the same day to rise to 
unequal heights ; dns diurnal inequality of course van- 
ishen when the moim is in the equator. 
h3 
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Bolih the height and time of high -water are thus |>er- 
petuaUy changing; therefore, in sohring the problem, ii 
IS required to determine the heights to which the tides 
rise, the times at which they happen, and the daily vari- 
atioDS. Theory and observnttipn show that each partiid 
tide increases as' the cube o^ the apparent diameter, or 
of the parallax of the body which produces it, and that it 
diminishes as Ihe square of the cosine of the declinatidn 
of tlMt body (N. 154) ; for~ the greater the apparent di- 
ameier, the nearer me body, and the more intense its 
action on the sea ; but the greater the declination, the 
less the action^ because' it is less direct. 

The periodic motions of the waters of the ocean, on 
the hypothesis of an ellipsoid of revolution entvefy- cov- 
ered by the sea, are yeiy fiir from according with obser- 
vation. This arises from the very great irregularities in 
the surface of the earth, which is but partially covered 
by the sea ; from the variety in the depths of die ocean, 
the manner in which it is spread out on the earth, 'the 
position and inclination of the shores, the currents, and 
th& resistance the waters meet with — causes impossible 
to estimate, but which modify the osciUationQ of the 
great mass of the ocean. However, amid all these 
irregularities, the ebb and flow of the sea maintain a 
ratio t9 the forces producing them suifioimit to indicate 
their nature and to verify the law of the attraction of- the 
sun and moon on the sea. La Place observes that the 
investigation of such relations between cause and effect* 
is no less useful in natural philosophy than the direct 
solution of problems eidier to prove the existence of the 
causes or to trace the laws of their effects. Like the 
theory of probabilities, it is a happy supplement to the 
ignorance and weakness of the human niind. Thus 
the problem of the- tides does not admit of a general 
solution. It is, indeed^ necessaiy to analysse the general 
phenomena which ou^t to result from die attraction of 
the sun and. moon ; but these must be corrected in^ach 
particular case by local observations modified by the 
extent and depth of the, sea, and the peculiar circum- 
stances of the place. 

Since the disturbing action of the sun and mo6n can 
iHily become sensible in a very great extent of water, - 
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the Paciic Ocean nuuit be one j»f the principal sooxces 
of our tides ; bnt, in consequence of the loUitioB of the 
earth and the inertia of the ocean, high water does not 
happen till some time aftei^ the moon's southing (N. 155). 
The tide rais^ in that wcnrld of waters is transmitted to 
the Atlantic; from which sea it moves in a ncNrtitierfy 
direction along the coasts ^Africa and Europe, arriving 
later and later at each place. Tins great wave, how- 
ever, is modified by the tide raised in the AtltuDtic, 
which sometimes combines with that from the Pacific 
in raising the sea, and sometimes is in opposition to it, 
so that the tides only rise in [proportion to then* differ- 
ence. This vast combined wave, reflected by the shores 
of the Atlantic extending nearh^ from pole to pole, stiU 
coming northward, pours through the Lish and British 
Channels into. the North Sea; so that the tides in our 
ports are modified* by those of another hemisphere. 
Thus the theory of the tides in each port, both as to their 
height antl the times at which they take pliace, is really 
a matter of experiment, and can only be perfectly deter- 
mined by the mean of a very great number of observa- 
tions, including several revolutions of the moon's nodes. 
The height to which the tides rise is miich greater in 
narrow channels than in the open sea, on account of the 
obstructions they meet with. Theses is so pent up in 
the British Channel that the tides sometimes rise as 
much as fifty feet at St Malo on the coast of France ; 
whereto on the shores of some of the Soyth Sea, islands 
near the center of the Pacific they do not exceed one 
or two feet. The. winds have great ii^nence on the 
height of the tides, according as they conspire vnth or 
oppose them ; but the actual effect of the wind in ex- 
citing the waver of the ocean extends very little below 
the surface. ,£ven in the most violent storms, the water 
is. probably calm at the depth of ninety or a hundred 
feet. The. tidal wave of the ocean does not reaich the 
Mediterranean nor the Baltic, pardy from their position 
and partly frmn the narrowness of the Straits of Gib- 
raltar and of the Categat, but it is very perceptible in 
the Red Sea and in iSidson's Bay. In hi^ latitudes, 
whefe the ocean is less directiy under the influence of 
the luminaries, the rise and M of the sea is inconsider^ 
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«M«, M) tlHd; in all proMHiil7 there It no tifle at Ae 
^ole«, or only a tmall aniraal aad moo^y tide. The 
ebb and flow of the tea we percepdUe in rivers to a 
¥ery great dittsaoce from dMir estnaiiee. In the Straiii 
of PaiBsk, in tJie tirer of the Amaisont, more Ihan five 
hnwhreil xnilet from the sea, the tides are evident. It 
requirae so many days for the Ude to asc^id this mi^ty 
stream, that the retaming tides meet a sncoession of 
these which are coming np ; so that every possible vari- 
•Qr occurs at some part or other of its shores, both as 
to magpiiitiide and time. It reqoires a very wide expanse 
of wa$er tn aeeaninlate the impulse of the snn and moon, 
so as to render their influence sensible ; on that aceonnt 
the tides m the Medlterraoean and Blaek Son are 
aoarody perceptible. 

These pMrpetoal commotions hi the waters are eeoa- 
skmed by forces that bear a vecy small propoition to 
tMrrestiial gravitation t the snn's action in raising the 
ocean is oiJy the ggiiVooa ^ gravitation at tfte earth^a 
snrAce, and the action of the moon is Ettle more than 
twice as much ; these forces being in tiie ratio of 1 to 
2'36333, when the sun and moon are at their mean die- 
tances from the earth. From this ratio the mass of the 
moon is fonnd to be only the if^ partof that of the earth. 
Had the action of the sun on the ocean been exactly 
equal to ^latof the moon, there would have been no 
neap tides, and the ming tides would hnve been of 
twice the height ¥^iicn tlM action of Mther the sun or 
moon would bive produced separately ; a f^ienomenon 
depending upon the interference of the waves or nndu- 
lations. 

A stone phmged into a pool of still water oeoaslons a 
series of waves to advance along the snrfece, though the 
water kself is not carried fbnnurd, but only rises into 
hei^^ts and sinlui into hollows, eadi portion of the sur- 
&ce being elevated and depressed in its turn. Another 
stone of the same sice thrown into the water near the 
first, will oeeasion a similar set of undulations. Then if 
an equal and simikr wave 'from each stone airive at the 
same spot at the same time, so tiiot the elevation of the . 
one emctly coucides with the elevation of the other, 
their united effect wfH produee a w«ve twiee the sine of 
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d^er. But if oim ivmve preeade the otfasr W mmoify 
haH an vodttlatinD^ l2i«.eleTatkni of the one will 'OoiDdMie 
with the beliow of the othmr^ and the hoHow o£ the ene 
with the ^eratioii of the other ; and the wsres will so 
entirely obhtemte one —oth e r , Ihtt the inrfisKse <if the 
water will remain smooth and leveL Hence If the leagth 
of each waive be represOTted by 1^ thvf wiM destarey one 
anothmr at inlerfak of ^ |y f» &««, and wiH oombine 
their effects at the iDtervide 1^2, 3, &c ItwillbefoHkl 
aeoordii^ to thk iniaciple, when stffl water is distmbed 
by the fall of two eqiud stones, that there eare certain 
Imes on iU sorfiice of a hypeihohe foran, "vi^i* the 
water is snuioth in eonee^fuenee of the waves obiitef»- 
tiag e«^ other; and that the deration of the Water in 
the adiecent narts eoitesponds to both the wares united 

S* 156)*. New HI the sprii^ and neap tidee arising 
tt the combination of tiie sioaple sofi-hmar weres^ the 
spnng tide is the joint result of the combination when 
they coiaeide ht time and place ; and 1^ neap tide hap^ 
pevwbeD they saooeed eadi ether by half an interval, 
so as br leave miify the efifoct of their di^forelice sensible. 
It is therefore evident thi^ if tlte mAut and hmar tides 
were of the same heightf there wcndd he no difiei«noe, 
consequently no neitp tides* and the spring tides wsnld 
be twice ae higfa as ekher separately^ la the port of 
Batsha in Tom|ainv where the tide* aivive by two duB»- 
nek €ff lengths cw iusp u u d ing to half en interval, there 
ia neither hi|^ nor low wateiv en aecevnt ef the itiixir^ 
fcMiMse of the waives. 

The mitial state of the ocees has no infl nence on the 
tider; fiMr whatever its primitive conditions may hare 
been, they OMMt soon have banished by the £cioiioe and 
mobil^y of the fluid* One ef the most remarkable cir- 
euaastancee in the theory of tiie tides is the assnraaoe, 
that m censefaenoe of the density of the sea bemg onhr 
ooe^fiftfa of ti^DMan density <tf the earthy and the earth 
kself lutrea eing in density toward tiie center^ the sta^ 
bii^of the eqoilibriam ef theocea» never can, bar sob- 
rertei by any physical oaive^ A senMttl inundation 
anaing from^the mere instability ef nle ee e au iatherau 
fanr impoesibleb^ - A verie^y of cirtt i u n stto ces hewever 
tend to pcodnoe pntial variaiiine m the efaiibrhm ef 
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the seas, which, is restored by means of ciirreiits. Winds 
and the periodical melting of tlyd ice at the poles occa- 
sion tetnporaiy water^^^urses ; but bj fiir the most im- 
portant causes^ are. the ^centrifugal force induced by the 
velocity of the earth's rotation, and vorialaons in the 
density of the sea. 

The centrifugal &rce maybe resolved into two forces 
— one perpendi^Uar, and another tangent to the earth's 
surface (N. 157). The tangential force, though small, 
b sufficient to make the fluid particles within the polar 
drcles tend toward the equator, and the tendency is 
much increased by the immense evaporation in tb» 
equatorial regions from the heat of the sun, wfaich dis- 
turbs the xequilibrium of the ocean. To this.hiay also 
be added the superior density of the- waters near the 
poles, partfy from their low temperature and pardy 
from l^eir gravitation being less diminished by the ac- 
tbn of the sun and moon than that of the seas of lowBr 
latitudes. In' consequence of the con^ination of all 
these circumstances, two great currents perpetual^ set 
from each pole towi^ the equator. But as they come 
from latitudes where the rotatoiy motion of the surfiM^ 
of the earth is very much less than it is between the 
tropics, on account of their inertia, they do not im- 
mediately; acquire the velocity with which the solid part 
of the earth's surfiEbce is revolving at the equatorial re- 
gions; from whence it fojlovra that within twenty-five 
or thirty de^ees on each side . of the line, the ocean 
appears to have a general motion from east to west, 
which is much increased by the action c^ the trade 
winds. 7his mighty mass of rushing; waters at about 
the tenth degree of south latitude is turned toward tiie 
north-west by l^e coast of America, runs throng the 
Gutf of Mexico, and passing the Straits of Florida at 
the rate of five niites an hour, forms the wefl-kndwn 
current. of the Gutf-sti*eam, which sweeps along the 
whole coast of America, and runs northward as far as 
the bank of Newfoundland, then bending to the east it 
flows past the Azores and Canary islands, till it joins 
the- great westerly current of the tropics about latitude 
21^ north. According to M. de Humboldt this great 
drcuit of 3800 leagues, which the waters of the Atkwtic 
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are perpetually describing between the parallels of eleven 
and forty-three degrees of latitude, may be accomplished 
by any one particle in two years and ten mc^iths. In 
the center of thisMsurrent is situated the wide field of 
floating sea-weed called the grassy sea. Besides dus 
there' are branches of the Gulf-stream, which conVey 
the fruits, seeds, and a portion of the warmth of the 
tropical climates to our northern shores. 

The general westward motion <^the South Sea, togeth- 
er with the south polar current, produce various water- 
courses in the Pacific and Indian Oceans, according as 
the one or the other piGf^dls. The western set of the 
Pacific causes currents to pass on each side of Australia, 
while the polar stream rushes akmg the bay of Bengal : 
the w6steriy c^urent again beconies mosf powerful to- 
ward Ceylon and the Maldives, whence it stretches by 
the extremity^ l^e Indian peniHsub past Mftdagascar, 
to the most southern point of the continent of Africa, 
where it mingles With the general motion of the seas. 
Icebergs are sometimes drif|»d as &r as the Azores 
fitwi'the north pole, and from thd south pde they' have 
come even to die Cape of Good Hope. But &e ice 
which encircles the south pole extends to lower latitudes 
by 10° than that which surrounds the north. In conse- 
quence of the polar current Sir £dward Parry was 
obliged to give up his attempt to reach the north pole 
in the year 1827, because the fields of ice were drifting 
to the south lister than his party could travel over them 
to the north. , . 

As distinct currents of air traverse the atmosphere in 
horizontfd strata, so in all probability under currents in 
the ocean flow in of^posite directions from those on the 
surface ; and there is every reason to believe that the 
oeld waters, deep below the surface of the sea in the 
equinoctial re^ons,,are fatt>u^t bysuUiiarine currents 
from the polM^ thouf^ it is not easy to prove their ex- 
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Sbctiov XiV. 

' Repttltit« Force -^Intentacet or Pores— Cla«tici^r—lMro88otti*s Theof^— 
' GNiTtetloii bioaght mdM the lamft Uw with Molecvkr Attraetioii and 
R«piiliio»'— Gmm redaced to Ltquidi by PreMara— Intensity of the Ce- 
nerire Force — Eflfects of Gravitation— ^fleets of Cohesion — Hinnteness 
of the ultimate Atoni of Matters-Limited- Height of the AtuMMphera— 
Theory of Definite ProportioAs and Relative Weight of Atone— Dr. Far- 
aday's Discoveries with regard to Affinity — Composition of Water by a 
PlaM of Phtina — Cirstallization — Cleavage — Isomorphism — M tttter coii- 
eiili «f JUnam of Demute Fuii* CapiMaiy Atanetioo4 •' 

' Thk oseUk^ns ot the atqHMpbeire and Ha actkm 
«pea rsys of light eooiiiq^ from tfa» hewrenly bocties, 
ooBoe^ the tcieiice of asbrenom^ wkh the eqailibrhim 
«ead tnoremento of flukk, and liie laws of mo^idsr 
aiU a e l io p. Hitherto that force has been under conskl- 
eratioB which acts b|kn» masses of matter at sensible 
distances; bat now the effects of sneh Ibreee ai« to be 
.eensidered as act at inappredabto disisnees upon the 
alfimate atoms of material bodies. 

All snbstances consist of an assemblage of material 
partideSf whidi are far too small t(» be TisiMe hy any 
means hvman ingenuity ha» yet be«n able to devise, 
itod which are mnch beyond the limils of our percep- 
tions* Since eveiy known substance may be reduced 
in biA by pressure, it fbUows thol^ this particles of mat- 
ter are not in- actaal contact, bat arv separated hy inter- 
stieesy owing to the repolsiya principle that maintains 
thep at extremely minute distances from one ano^er. 
.It IS evident that the smaller tbe intefstitial spaces 
the greater the dennl^. These spaces vppoBr in 
some eases to be filled with air, as nay be infer- 
red from certain seoDd-opacpie ntinerals and otiier sub- 
stances becoming tnmsparent wiien phn^ed into water; 
soBMftimes they may potsiUy ecntain some unknown 
SBfd imgbilf etestid inid, aach as mr Dtvid 'Brewster has 
discovered in the minute cavities of various n&MMds, 
which occasionally causes these substances to explode 
with violence when under the hands of the lapidary, 
but in general they seem to our senses to be void ; yet 
as it is inconceivable that the particles of matter should 
set upon one another without some means of commu- 
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Dication, ttieife \» erery reason to presume tbat the in^ 
teiBtices of material substaneet contain a portion of that 
subtle ethereal and elastiG fluid with which the regions 
of flpaice are replete. 

Substances compressed by a sufficient force, are wad 
to be more or lesis elastic according to the fac^ty with 
which tibey regain their bulk or yolume when the 
pressure i^ removed ; « property which depends upon 
the repnlsiye fo!Pce of their particles, and the eflbit re- 
quired to compress the substance is a measurff of the 
intensity cf that 'tepulsive force whieh iraries with the 
nature of the isubstance.- ' ^ 

By the laws of gravitation the paiticles of matter 
Mtract one another when -separated by sensible dis- 
t^ioes; and as -tiiey repel each other when they are 
inappreciably near, it recently occurred to Professor 
Mossotli of Pisa^ that there mi^t be some iotennedi* 
ate distance at whieh the particles might neither attract 
nor repel one another, but remain balanced In that 
stable equilibrium which they are found to maintain in 
eveiy material substance solid and fluid. 

It has long been r a hypddiesis among philosophers 
that electricity is the agent which binds 3ie particles of 
tnatter together. We sere tatsiXfy ignorant of the nature 
of electricity, but it is generafly. Supposed to be an ethe* 
real flnid in the h^hest state of etesticity surrounding 
every particle of moKer ;^and as the earth and the ath 
Uae^phere are replete w^ it in a legist state, there is 
every season to befieve that it is unboundedt filling the 
regions of space. ' ' 

The celebrated Franklin was tli» fisnt who explidned 
tlie phenomena of electricity in repose, by supposing 
the molecules of bodies to be surrounded by an atmos<- 
phere of the electric fluid ; . and that whiKi the electric 
atoms repel one another, they ate attracted by the nm^ 
teti&l molecules of the foo^. These forces of attraefSon 
and repulsion were afterward proved by Coulomb to 
vary inveisely as tbe squares of the distance. The 
hypothesis of Franklin was reduced to a mathematical 
theory by ^pinus, and the most refined analysis has 
been employed by the Baron Poisson in explanation o! 
electric i^enomena. i^till these philosophers were un^ 
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able to reconcile the attraction of the molecules cimal- 
ter inversely as the squiures of the distance as (nroved 
by Nevrtfm, with their QrataaT repulsion according to 
the same law. Hut Professor Mossotti has recent^ 
shown, by a very able analysis, that there are strong 
grounds for believing that not only the molecular forces 
which unite the particles of materia bodies depend on 
the electric 4uid, but that even gravitation itself^ which 
binds world to world and sun to sun, caii no longer 1^ 
regarded as an ultimate principle, but the residual por- 
tion of a far more powerful force generated by that en- 
ergetic agent which pervades ^ eation. 

It is true that this connection between ^the molecnlar 
forces and gravitation . depends upon a hypothesis ; but 
in the greater number of physical investigatioiis, some 
hypothesis is requisite in the. first instance to aid die 
imperfection of our senses. Yet, when the phenomena 
pf nature accord^with the assiimption, we are justified 
in l^lieving it to be a general law. 

As the particles of material bodies are not in actual 
contact. Professor Mossotti sui^poses that each is en- 
compassed by an atmosphere of the ethereal fluid; 
that the atoms of the fluid repel one another ; that the 
molecules of matter repel one: another, but with -less 
intensity; and tliat there is a mutual attraction be- 
tween tiiie particles of matter and the atoms of the fluid. 
Forces which we know to exist, and which he assumes 
to vary inversely as squares oft the distance. The Al- 
lowing important results have been obtuned by the pro- 
fessor from the adjustment of these three forces : — 

When the material molectiles of a body are inappre- 
ciably, near to one another, they mutually repel each 
othor with a force which diminishes rapidly as the 
infinitely small distance between the matenal molecules 
augments, and . at last, vanishes. vWhen the molecules 
are still &rther apart, the force becomes i&ttractive. At 
that particular point where the change takes place, the 
forces of repulsion and attraction baUuice each other, so 
that the molecules of a body are neither disposed to 
approach nor ^recede, but remain in equflibrio. If we 
try to press theni nearer, the repulsive force resists the 
attempt ; and if we endeavor to break the body so as to 
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tear the partides asunder, lihe altractiTe force predom- 
ioat^is and keeps them together. This is what ooosti- 
tates the cohesive force, or force of abrogation, by 
wMch the moleculeSvOf aU sabstances are united. The 
timits of the distance at which the negative action be- 
comes positiye vary according to the temperature and 
nature of the-molisciiles/ and -detOrmine whether the 
body which they form be solid, liquid, or aSriform, 

Beyond this neutral point, the vattractive force in 
creases as the distance between tho'^molecules augments^ 
till it attains a, maximum; when the particles are more 
apart it diminishes ; and, as soon as mey^ are separated 
by finite or sensible distances, it varies directfy as their 
mass and inversely as the squares of the distance, 
which is precisely the law of universal gravitation. 

Thus -on the hypothesis that the mutnal repulsion 
between the electdc atoms is a litde more powerful 
than the mutnal repulsion between the particles of fnat- 
ter,. the ether and the matter attract each other vnth 
unequal intensities. Which leave an excess .of attractive 
force, constitntxDg gravitation. As the gravitating force 
is in operation .wherever there is matter, the ethereal 
electric fluid must encompass all the foodies in the uni- 
verse ; and as it is utterly inoompirehensible ifait the 
celestial bodies should exert ^ a reciprocal attraction 
through, a -void, this importaot investigalion of Professor 
Mossotti furnishes additional, presumption in favor of a 
univei)Bal ether, already ail but proved by the motion of 
comets and the theoiy qi light.. 

In aeriform fluids the particles of matter are more 
remote from each other than in liquids and solids ; but 
the pressure may be so great as to reduce an aeriform 
fluid to a liquid, and a liquid to a solid. Di^. Faraday 
has reduced some of the gases to a liquid state by veiy 
great compression v but although atmospheric air is 
.capable of a diminution of volume to which we do not 
know \the limit, it has hitherto always retained its 
gaseous properties, and resumes its primitive* volume 
the instaiit the pressure is removed. 

If the particles approach sufficiently near to produce 
equilibrium between the attractive and repulsive forces, 
but not hear enough to admit of any influence from 
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their form, perfect mobility will exist unODg liiem re- 
sulting from the similarity of their attractions, and they 
will oner great resistance when compressed ; properties 
which characterize liquids in which the repulsiye prin- 
ciple is greater than in the gases. When- the distance 
between the particles is still less, solids are. farmed. 
But the nature of their structure will vary, Because at 
such small distances the power of the mutual attraction 
of the particles will depend upon their form, and will 
be modified by the sides they present to one another 
during their aggregation. Besides^^ese three condi- 
tions of matter, there ore an infinite variety of others 
corresponding to the various limits at which the two 
contending forces are balanced, which may be c»bser?Bd 
in the fu8i9n of metals, and other substances^passii^ 
from hardness to toughness, viscidity, and through all 
the other stages. to periect fluidity and even to vapor. 

The effort reqiiired to break a substance is a measure 
c^ the intensity of the cohesive force exerted by its 
particles, which is as variable as the intensity of the 
repulsive principle. ', In stone, iron, steel, and all brittle 
and hard bodies, the cohesion of the particles is powerful 
but of small' extent. In elastic substances, on the con- 
trary, its action is weak but more extensive. Since ail 
bodies expand by heat, the cohesive fi>rc0 is weakened 
by an increase of temperature^ 

Every particle of matter, whether it forma a con- 
stituent part of a solid,, liquid, or a(^ri£6rm fluid, ^is 
subject to the law of gravitation. . The weight of tne 
.atmosphere, of gases and vapor, shows that they consfst 
of gravitating particles. In liquids the cohesive force 
is not jsufiiciently powerful to resist the action of gravi- 
tation. Therefore although their component pitrticles 
'Still maintain their oonnectiQni the liquid is scattered by 
their weieht, unless when it is confined in a vessel- or 
has alreaoy descende4'to the lowest point possible, and 
assumed a level surface frpm the mobility of its particles 
and the influence of the gravitating fbrce, as in the, 
ocean, or a lake. Solids would also fall to pieces by 
the weight of theu: particles,- if the force of cohesion 
were not, powerful enough to resist the eflbrts pf gravi* 
tatipn. , 
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The phenomena arising fit>m the foTce of cohesioo 
are innumerable. The spherical form of rain drops ; 
the difficulty of detaching a plate of g)ai» from &e sur- 
face of water ; the fwce with'which two plane surfaces 
adhere wjien pressed together ; the drops that cling to 
the window-glass in'a shower of rain — are an effects of 
cohesion entirely independent of atmospheric pressure, 
^d are included in the same anafytical formula (N. 
166) which expresses ail the circunristances accurately, 
although the laws aoccmiing to which the forces of 
cohesion, and repulsion vary are unknown* It is more 
^ than p|^obaUe that the spherical IK^rm of the sun and 
planets is due to the force -^f cohesion, as they have 
eyery appearance of having been at one period in astatd 
effusion. 

A very relnarkable instance: of cohesion has occasion- 
ally been, observed in plate-glass manu&ctories. After 
the faurge plates of glass of which the mirrors are to be 
made \^w^ received their last pofish, they are carefully 
wiped and laid on their edges with their surfiices resting' 
OB one another. In the course of time the cohesion 
has sometimes been so powesful, that they could not be 
separated without breaking, r Instances We occurred 
where two or three havsr been so porfeetly tmited, that , 
they have been cut and their edges polished as if they 
hkd been fused together, and so great was the force 
required to jnake their surfaces slide that one tore off a 
portion of the sur&ce of the other. 

The size of the ultimate particles of matter must be 
small in the extreme. Organized beings possessing life 
and all its functions, have been diiscoyered so small that 
a million of them would occupy less space than a grain 
of sand. The malleabilr^ of gold, the perfume of 
nmsk, the odor of flpwei^ and many other instances 
might be given of the excessive minuteness^ of the 
atoms of matter; yet from a Variety of circumstances it 
may be inferred that matter is not infinitely divisible. 
Dr. WoUaston hto shown that in aU probabiH'ty the 
atmo^herea of the sun and planets as well as (^ the 
earth consist of ultimate atoms no longer divisible ; and 
if so, that our atmosphere ^oi^y extends to that point 
where the temttrial attraction is bahtnced by the elan- 
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ticitj of the air. The definite propoitioos of chemical 
compounds afford one of the best proofs tfaaf divisibifii^ 
of matter has a limit. The cohesive force which has 
been the subject of the preceding consideraticms, only 
unites particles of the same kind of matter; -whereas 
affinity, which is the cause of chenncal compounds, is 
the mutual attraction between partides. of diflerent 
kinds of matter* and is merely a result of the electrical 
state of the particles, chemical affinily and eleetiicity 
being only forms of the same powers. 

It is a permanent and universal law in all unorganized 
bodies, hitherto analyzed, that the- composition of sub- 
stances is definite and invariable, the same compound- 
lilways consisting of the same elements united together 
in the same proportions. Two substances may indeed 
be mixed; but they will not combine to form a third 
substance dififerent from both,, imless their component 
particles iinite in definite proportions, that is to say, one 
part by weight of one of the substances will uiute with 
one part by weight of the other, or with two parts, or 
three, or four, ^., so as to form a new substance ; < bat 
in any othier proportions they will only be mechanically 
mixed. For example, one part by weight of hydrojgen 
gas will combine with -eight parts by weight of oxygen 
gas and form water ; or it wUl unite wifh sixteen parts 
by weight of oxygen, and form a substance called 
deutoxide of .hydrogen ; but added to any ^ther weight 
of oxygen, it will produce one or both. of these com- 
pounds mingled with the portion of oxygen or hydrogen 
in excess. The law of definite proportion established 
by Dr. Dalton, on the principle that evQiy compound 
body consists of a combination of the atoms of its con- 
stituent ^arts, is of universal Application, and is in fact 
one of the most important discoveries in physical science, 
furnishing information previously unhoped for with re- 
gard to the most secret and minute operations of nature, 
in disclosing the relative Wei^ts of the ultimate atoms 
of matter. Thus an atom of oxygen uniting with an 
atom pf hydrogen forms the compound water.;, but as 
every drop of Water^ however ^mall, consists of eight 
parts by weight of oxygen and one part by weight of 
hydrogen, if; follows. that an ^m of oxygen is eig^t 



d by Google 



Sbct. XIV. CHEiaCAL AFFINITY. 103 

times heavier than an atom of hydrogen. In the same 
manner sulphuretted hydrogen gas consists^ of nxteen 
parts by weight c^ sulphur and one of hydrogen ; there- 
fore, an atom <of sulphur is sixteen limes heavier thab 
an atom of hydrogen. Also carfooi^c oxide is consti- 
tuted of six parts by- weight of carbon, and eight of 
oxygen ; and as an atom of oxygen has eight tunes the 
weight of an atom of hydrogen, it follows that an atom 
of carbon is six times heavier thau one of hydrogen. 
Since the same definite proportion holds in the compo- 
sition of a& substances that have been examined, it may 
be concluded that there are great differences in the 
weights of the ultimate particles of matter. M. Gay 
XussaC discovered that gases Uliite together by their 
bulk or volumes, in sudh^ simple and definite proportions 
as one to one, one to two, one to three, dec. For 
example, one jrolume or measure of oxygen unites with 
two vofaunes or measures of hydrogen in the formation 
of water. 

Afifiiiity modified by the electrical condition of the 
portides of matter, has hitherto been believed to be the 
cause of chemical combinations. However, Dr. Fara- 
day has proved by experiments/ on bodies both in soln- 
taon and fusion, that chemical afilnity is merely a result 
of the. electrical state of tbe^ particles of matter. Now 
it must be' observed that the composition of bodies as 
welt as their decomposition, niay be accomplished by 
means of electricity ; and Dr. Faraday has found that 
this chemical composition and decomposition, by a. given 
current of electriciiy, is always accomplished accOTding 
to the laws of definite proportions ; and that the ^an- 
tity <jf electricity requisite for the decompcjsition of a 
substance is exactly ^e quantity necessary for its com- 
position. Thus the quantity of electricity which can. 
decompose a grain weight of water is exactly equal to 
the quantity of electricity which unites the elements of 
tJiat grain of water together, and is equivalent to the 
quantity of atmospheric electricity whi(^ is active in a 
very powerful thunder-storm. These laws are univer- 
sal, and are of that high and general order that charac- 
terise aH ereat discoveries, and perfectly agree with 
Professor Mossotti's theory. 
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Dr. Famclay Yob giren i^ singuliur iiwtftiioe of cohesive 
£arce induciag chemical oombuiatioii, by the foUowiag 
experiment, which eeems to be nearly c^ed to the dis- 
covery made by M. Dcebereiner, in 1823, of the spon- 
taneous combustion of spongy platina (N. 159) exposed 
to a stream of hydrogen gas mixed with co^ipon air. 
A plate of platina with extremely clean snrfaces, when 
plunged into oxygen and hydrogen gas mix^d in the^pro- 
portions which are found in tl^e constitution of water, 
pai:MBes the gases to combine wad water to be formed, 
the platina to becoooe red-hot, and at last an expl<^ion 
to take place; the only conditions necessary for this 
curious experiment being excessive purity in the gases 
and in the surface of the plate. A sufficiently pure 
metallic surface can only be obtained by immersing the 
platina in very strong hot sulphuric acid and then wash- 
ing it in distilled water, or by ^laking it the jpoative 
p(4e ot a pile in dilute sulphuric acid. It- appears that 
the force of cohesion as well as ih^ force of affimty ex- 
-erted by particles of matter, extends to all the particles, 
within a very minute distance. ' Hence the platina while 
drawing the particles of the two gases toward its sur- 
face by its great cohesive attraction, brings them so near 
to one ano£er that they come y^ithin the sphere of their 
mutual affini^, and a chemical combination ti^es place. 
Dr. Faraday attributes the effect in part also to a dim- 
inution in the elasticity of the gaseous particles on their 
sides adjiacent to the platina, and to their perfect mix- 
ture or fueociation, as well as to the positive action of 
the metal in condensing them against its surface by its 
attractive forces the particles when chemically uqited 
TUB off the surface of the pietal in the form of water by 
their gravitation, or pfiss away as aqueojos vc^por and make 
way for others. 

The particles qf matter are so small that nothing is 
known of their form, further than the dissimilarity of 
their difierei^t sides in certain cases, which appears ^om 
their reciprocal attractions during ciysta%ation being 
mpre or less powerful, according to the sides they pre^ 
sent to one ano^er. Crysjtalization is |ui effect of mole- 
cular attraction regulated by certain laws, according to 
which atoms of the sc^me kind of matter unite in regu- 
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lar forpia-Hi &ot easUy proved by diMolTing a piece of 
alum in pure water. The mutual attraction of the par- 
ticles is destroyed by the water ; but if it be eraporated 
lliey unite and form in uniting eight-sided figures called 
octahWrpns (N. 160). These, however, are not all tibe 
same, ^ofne have their angles cut off, others their 
edges, and some bo^s while tha remainder take the 
regular form. It iis quite cleiar that the same ciieum^ 
stances which oaus^ the aggregation of a fe^iT particles 
would, if continued, cause the addition of more ; and 
the process would ^ on as long as any particles remam 
free round the primitive nucleus, which would increase 
in size, but woidd remain unchanged in form, the figure 
of the particles being such as to zpaintain the regolariCy 
and smoothness of tiie surfaces of the solid and their 
mutual ittclinatious. A. broken^ crystal will by degrees 
resume its regular figure ^dien put back agwn into the 
solution of aluu^ whidn shows that the internal and ex- 
ternal particles a^e similar and have a similar attraction 
for the pMicles held in solution. The original, condi- 
, tions of aggr^ation which. make the molecules of the 
same substance uuite in different forms must be very 
numerous, since of carbonate of lime alone there are 
many hundred varieties ; and certain it is irom Ihe mo- 
tion of polarized light through jock i^iy stol, that a very 
different arrangement of particles is requisite to produce 
an extremely small change in external form. ' A variety 
of substances in crystaliziag combine chexxucallv with a 
certain portion of water which in a dry state forms an 
essentia part of their crystals ; and aoodtrding to tiie 
expeiriments of MM. Haidinger and Mitscherlich seems 
in some cases to ^ve the peculiar determination to their 
comstitnent molecules. These gentlemen have observed 
that the same substance crystahzing at different tem- 
peratures unites witii different quantities of water and 
assumes a corresponding variety of fomu- Seleniate 
of zinc, for example, unites with three different portions 
o£ water and assumes tiiiree different forms, according 
as its temperature in the act of crystalizing is hot, luke- 
warm, or cold. Sulphate of soda, also^ which crystal- 
izes at 94)° of Fahrenheit w^out water of crystaHza- 
tioDv combines witii water at the ordinazy temperature 
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and takes a diflerent f^rm. Heat appears to have a " 
great influence on liie phenomena of crystafization, not 
euty when the particles of matter are free, but even, 
when firmly united, for it dissolres Iheir union and gites 
them another determination. Professor Mitscherlich 
found that prismatic crystals of sulphate of nickel (N. 161) 
ea^posed to a sununer's sun in a dose vessel, had their 
internal structure so completely altered without any ex- 
terior change, that when broken open they were com- 
posed internally of octahedrons with square bases. The 
original aggregation of tlie internal particles had been 
dissohred, and a disposition given to arrange themselves 
in a crystaline form. 'Crystals of sulphate of magneda 
and of sulphate of zinc, gradually heated in alcohol tall it 
boils, lose their transparency by degrees, and when 
opened are found to consist of innumerable minute crys- 
tals totally different in form from the whole <^stids; 
and prismatic crystals' of zinc (N. 162) are changed in a 
few seconds into octahedrons by the heat of tiie sun: 
other instan6e8 might be given of the influence of even 
moderate degrees of temperature on molecular attrac- 
tion in the interior of subertances. It mtfst he observed 
that these experiments give entirely new views vrith 
regard to the constitution of solid bodies. We are led 
from the mobility of fluids to eXpe6t great changes in 
the relative positions of their molecules, which must be 
in perpetual motion even in the stillest water or calmeift 
an- ; but we were not prepiu^ to find motion to suck 
an extent in the interior of solids. That their particles 
are brought Clearer' by cold and pressure, or removed 
farther finom one anotiber by heat, might be expected ; 
but it could not have been anticipated Siat their relative 
positions cojold be' so entirely changed as to tdter their 
mode of aggregation. It follows from the low temper- 
ature at which these changes are efiected, that there 
is probably no portion of inorganic matter that is not in 
a state, of relative motion. 

professor Mitscherlich's disdoveries.with regard to 
the forms' of erystalized' substances, as connected with 
their chemical charcter, have thrown addition^ light on 
the constitution of material bodies. There is a certain 
set of crystalipe forms which are not susceptible of 
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variation, as the die or cube (N. 1^\, whieh may be 
amall or large, but is invariably ^ sefid bounded by six 
Square surfaces or planes. Such Wao is the tetrahedron 
(N. 164) or four-ended solid .contained by four equal- 
sided triangles. Severaljother solids belong to this class, 
which is oiBibd the Tessular system of crystalization. 
There are other crystals which, thou^ bounded by the 
same niunber of sides, and having the same form, are 
yet susceptible of • variation ; fbr instafice, the eig^t- 
sided figure with a"" square base called an octtfhedron 
(N. 165), which is sometunes flat and low and some- 
times acute and high.- It was formerly believed that 
identity of form in all crystals no^ belonging to the 
Te8si:dar system indicated identi^ of chemical compo- 
sition. ' Professor Mitscherlich however has shown, 
that^ substances differing to a certain degree in chemical 
composition have the property of assuming the same 
ciystaline form. For example, the neutral phosphate 
of soda and the arseniate of soda ciyStahKe in the very 
same form* contain ihe same quantities of acid, alkafi. 
and water of t^stalization^; yet they differ so far, that 
one contains arsenic and the other an equivalent quan- 
tity of phosphorus. Substances having such-properties 
are said to be isomorphous, that is, equal. in form* Of 
t^ese there are many groups^ ea6h group having the 
same form^ and similarity though not identity of chemi- 
cal composition. For instance, one of the isomorphous 
groups is that consisting of certain chemical substances 
called the protoxides of iron, copper, zinc,; nickel, and 
manganese, all of which are identicSl in form and contain 
tibe same quantity of oxygen, but differ in the respective 
petals they contain, which are however nearly in the 
same proportion in each. All these circumstances tend 
to prove that substances having the same crystaJine form 
nmst consist /of ultimate atoms, having the same figure 
and arranged in the very same order ; so that the romi 
of crystals is dependent on theur atomic constitution. 

All crystalized bodies have joints called cleavages, at 
which they split more easily than in other directions; 
on this property the whole art of cutting diamonds de- 
pends. Each substance splits in a manner and informs 
peculiar to itself. For example, all the hundreds of 
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of caHioiMta of lime split into nz-sided figores, 
nllod rlwrnbobedrons (N. 166), y^ose altomate anglefl 
ineaaiura 10&^«65 and 75^*05, nowoTer far the diyision 
may be eanied ; therefore the ultimate particle of ear- 
bpnateof limeisprenimedtohayelhatfinin. Howerer 
thw may be, it is certain that aD the ▼ariona crystals of 
that mineral may be formed hy building up six-sided 
solids of the form described, in the same manner as chO- 
dren build hooaea with miniatare bricks. It may be 
imagined that a wide difference may exist between the 
particles of an nnftrmed mas§, and a crystal of the same 
snbstanee — between the common shapeless limestone 
and the pore and limpid crystal of Iceland spar, yet 
chemical analysis detects none; their ultimate atomd 
are identical, andcrystalization shows that the difference 
arises only from the mode of aggregation.' Besides, all 
substances mther ciystalize naturally, or nnty be made to 
do so by art. Liquids crystalize in freesing, Tapors by 
sublimation (N. 167) ; and hard bodies, when fused, crys- 
talize in oooHng. Hence it may be inferred that all sub- 
stances are composed of atoms, on whose magnitude, 
density, and form their nature and qualities depend; 
and as these qualities apre unchangeable, the ulnmate 
partiqles of matter must be incapable of wear — the same 
now as when created. 

The oscillations of the atmosphere and the ckanges 
in its temperature, are measured by yariations in the 
heights of the barometer and thermometer. But the 
actual length pf the liquid colunms depends not on^ upon 
the force of gravitation, but upon the cohesive force, or 
reciprocal attracticm between die molecules of the liquid 
and those of the tube containing it. This peculiar action 
of the cohesive force is caUed capillary attraction or ca- 
pillarity. If a giaas tulre of extremely fine bore, such as 
a small diermometer tube, be plunged into a cup of wa- 
ter or spirit of wine, the liquid will immediately rise m 
the tube above the level of that in the cup ; and the sur- 
face of the little column thus suspended will be a hollow 
hemisphere, whose diameter is the interior diameter of 
the tube. If the same tube be plunged into a cupful of 
mercury the liquid vrill also rise in the tube, but it will 
never attain the level of that in the cup; and its surface 
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vnll be a hemisphere whose diameter is also the diame- 
ter of the tube (N. 168). The elevation or depiesrion 
of the same liquid in different tidbes of the same matter, 
is in the. iayerse ratio of their internal diameters (N. 169), 
and altogether independent of their thickness ; whence 
it foUows that the molecular action ia insensible at sen- 
sible distaiices, and that it is' only the thinnest poosi- 
ble film of the interior surface of the tubea that exerts a 
sensible actioaon the liquid. So much indeed is this 
the ease, that when tubes of the same bore are oom- 
{detely wetted mth water tlirou^out their whole es- 
tent) mercury will rise to the same height. in all of them, 
^ whatever be their thickness or density, because the mi- 
nute coating of i](ioi8^e is sufficient to remove the in- 
ternal column of mercury beyond the sphere of attiw^tioa 
(tf the tube, and to supply the. place of a tube by its 
own. ciqyiUary attraction^ The forces which pnadnce the 
capiUary phenomena are the reciprocal attraction of the 
tube ami the liquid, and of the fiquid particles on one 
another; and in order that the eaj^aiy c(dumn maybe 
in equibbrio, the weight of that part of it which rises 
above or sinks- below the. level of the liquid in the eu]) 
must blBilflLnce these forces. ^ 

The estimation of the lustion of the liquid is a difficult 
pait of this problem. La Place, Br. Young, and other 
mathematiciansi have considered the liqoid within the 
tube to be of uniform density-; but M. Poisson, in one 
of those masterly productions in which he elucidates the 
most abstruse subjects, has proved that the phenomena 
of capillary attraction depend upon a rapid decrease in 
the density of the liquid column throughout an extremely 
small space at its surface. Every indefinitely thin layer 
of a liquid is compressed by the liquid above it, and sup* 
ported by that below. Its diegree of condensation de* 
pends upon the magnitude. of the compression force; 
Slid as this force decreases rapidly toward the surface 
Where it vanishes, the density of the liquid decreases 
also. M. Fbisson has shown that when this force is 
omitted, the capillary surface becomes plane, and that 
the liquid in the tube wiU neither nse i^ve nor sink 
below the level of that in the cup. In estimating &e 
forces, it is also necessaiy to include the vamtiDn in the 
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density of tlie capillary rarface-roviid di6 edges from the 
attraction of the tabe. 

The direction of the resulting force detwmines the 
curvatore of the sorfiice of the ci^yiary c<^mn. In 
Older, that a hqnad may be in eqniMbrio, the force re- 
sulting from all ijie forces acting upon it must be per- 
pendicular- to the surftce. Now it appean that as dass 
•is more dense than water or alcohol, the resulting &ree 
win be inclined toward the interior^ side of tiie tube ; 
therefore the surface of the liquid must be more eto- 
vated at the sides of tibe tube than in the center in order 
to be perpendicular to it, so that it will be concaye as in 
the thermometer. Bu|, as slass is less dense than mer- 
cury, the resulting force will l)e inclmed-from the interior 
side of the tube (N. 170), so that the surface of 4te ca- 
pillary column must be more depressed at the sides of 
the tube than in the center, in order to be perpendicular 
to the resulting forces and is oonsequendy convex, as 
may be percehred in tibe mercury of the barometer when 
ricnng. The- absorption of moisture by sponges, sngur, 
sidt, dec, are familiar, examples of capillary attraction. 
Indeed the pores of sugsr are so minute, thaj^ there 
seems to be no limit to the ascen^of the liquid. Wine 
is drawn up in a curre on the interior sut&ce of a g^ass ; 
tea rises above its level on the side of a cup ; but n the 
dass or cup be too full, the edges attract the liquid 
downward, and give it a rounded form. A cohmm~of 
liquid will rise above or sink below its level betw^n two 
plane parallel' surfaces when near to one another, ac- 
cording to the relative densities of the plates and the 
liquid (Nr 171) ; and the phenomena will be exactly the 
same as^in a cylindrical tube whose diameter is double 
the distance of tibe plates from each other. If the two 
surfaces be very near to one another, and touch each 
other at one of their upright edges, the liquid wiU rise 
highest at the edges that aro in contact, and will grad- 
ually diminish in height as the.sur&ces become m,6re 
separated. The whole outfine of the liquid colunm will 
have the form of a hyperbola. - Indeed so universal is 
the action of capillarity, that sbKds and liquids cannot 
touch one another wil&out producing a change in tiie 
form of the surface of the liquid. 
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. The attractions and repakifms ansing from capfflarity 
present many cnrions phenomena. If two plates o£ 
glass or metxl, both of which are either dry or wet, be 
partfy immers^ in a liquid parallel to one aao&er, the 
liquid will be raised or depressed close to thor snrfbces, 
but will Tnaintain its level through the rest of the space 
that separates them. At such a distance they netther 
attract nor repel one another; but the instant they are 
Jbrought so near as to niake the level jpart of the tiqaid 
disappear, and the twe curved parts of it meet, the two 
plates will rush toward each odier and remain pressed 
together (N. 172). ^If one of the surface's be wet and 
the other dry, they, will repel one another when so near 
as to have a curved suzfape of liquid between them ; but 
if forced to aj^roach a little nearer the repulsion w^ be 
overcome, and they will attract each other as if they 
were^ both wet or both dry. Two baOs of pith or wood 
floating in water, or two balls of tin floating in mercury, 
attract one another as soon as they are so near that the 
surface of the liquid is curved between them. Two 
ships in Ihe ocean may be brought into coUision by this 
principle* But two bafla, one of which is wet. and the 
ether dry,' repel one another as soon as the liquid which 
separates them is curved at its surface. A bit of tea 
leaf is attracted by the edge of the cup if wet and re- 
pelled when dxy, provided it be not too far from the 
edge and the cup moderately full ; if too full, the con- 
trary takes pkce. It is probable that the rise of the 
sap in vegetables is ih some degree owing to capillarity. 



Section XV. 



lationa — ^Trade Winds— M<ni8Qon»— Rotation of Winds— Laws of Hur- 
ricanes— Water-Spouts. , 

The atmosphere is not .homogeneous. It appears 
from analysis that of 100 parts 79 are azotic gas, and 21 
(^ygen, the great source of combustion and animal heat. 
Besides these there are three or four parts of carh 
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•eid gju in 1000 puts of atmoephdric ur. These pro- 
portions are foand to be the same at ell heights hitherto 
attained by man. The air is an elastic Amd resisting 
pressure in eveiydireotiim) and is snbjeet to the law ^ 
gKavitation. As. Ihe space in Ihe top of the tnbe of a 
imrometer is a Tacnum, the colnmn of meroiny sus- 
pended by the inressure of the atmosphere on the sar- 
fee of the cistern is a measnre of its wei|^ Conse- 
quently every Tarialion in the density Doeasions a cor- 
responding rise or faU in the barometrical column. The 
pressure of the atmosphere is about fifteen pounds on 
«v»ry 8({uare inch ; so that the sur&ce of tiie whole 
globe sustains a we^ht of 11,449,000,000 hundreds of 
milliona oT pounds. Shell-fish which hsTO the ^wer of 
producing a vacuum, a&ere to the rocks by a pressure 
of fifteen pounds upon every square inch of contact. 

Since the atmosphere is botli elastic and heavy. Us 
density^ necessarily diminishes in -ascending above the 
•urface of the esirth; for each stratum of ak is com- 
{imssed only by the Wei|^ above . it. Therefore the 
upper strata are less dense, because they are less com- 
pressed than those below them. Whence it is easy to 
show, supposing the temperature to be constant, ,that if 
the heights alx»ve the earth be taken in increasing 
arithmetical progression — that is, if they increase by 
equal quantities, as by a foot or a mile, the densities of 
the strata of aur, or the. heights of the barometer wlvnh 
are propNMtiouite to them, Will decrease iu geometry 
precession. For example, at the level of the sea, if the 
mean height of the barometer be 29*9^2 inches, at the 
height of 18,000 feet it will be 14-961 inches, or one 
half as gre^ ; at the height of 36,000 feet, it will be one 
fourth as great; at 54,000 feet, it will be one eighth, 
and so on, which affords a method of measunng the 
^ heights of mountains With considerable accuracy, and 
would be very simple, if the decrease in the density of 
ike air were exactly according to the preceding law. 
But it is modified by several circumstances, and chiefly 
by changes of temperature, because heat dilates the 
air and cold contracts it, -vaiying ^4^ of the whole bult^ 
when at 32°, for every degree of Fahrenheit's ther- 
mometer. Experience shows that the heat of the air 
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decreases as the hei^e above the snr&ee of the eart^ 
increases. And it appears from recent inTestigations 
that the mean temperature of spacQ is 68° below the 
zero point of Fahrenheit, which would probably be the 
temperature of the surface of the eaith also were it 
not for the non-conducting power of the air, whence it 
is enabled to retain the heat of the 8an*8 ray^, which 
the earth imbibes and radiates m aH directions. The 
decrease in heat is very irregular ; each authority gives 
ja di/ferent estimate ; probably because the decrease 
varies with the latitude as well as the height, and some'- 
thing is due also to local ciivumstances. But from die 
mean of five different statements, it seenas to be about 
one degree for every 334 feet,, which is (he cause of the 
severe 4sold and eternal snows on the sunmiits of the 
Alpine, chains. Of the various methods of computing 
heights from foaronietrical measurements, that of Mr. 
Ivory has the advantage of combining accuracy with the 
greatest simplidty. Indeed the accuracy with which 
ttie heights of mountains can be obtained by this method 
is very remarkable. Captain Smyth, ft.N., and Sir 
John Herschel measured the height of £tna by the 
barometer without any- communication >and in different 
years; Captain Smyth made it 10,874 feet, and Sir J^n 
Herschel 10,873<; the difference being only one foot. In 
consequence of the diminished {pressure of the atmcM- 
phere, water boils at a lower temperature on the moun- 
tam tops than in the valleys, which induced Fahrenheit 
to propose this mode of observation as' a method of as- 
certaining their heists. It is very simple, as Profiossor 
Forbes has ascertained that thd temperature of the boiU 
ing point varies in an arithmeti.cal proporlaon with the 
height, or 549*5 feet for eveiry degree of Fahrenheit, 86 
that the calculation of height becomes one of arithmetic 
onfy without the use of Bny t^ble. 

The atmosphere when in eqnihbno .is an ellipsoid 
flattened at the poles from its rotation with the earth* 
In that state its strata are of uniform density at equal 
heights above the le^el of the sea, an^ it is sensible of 
finite extent when it consists of particles infinitely divisi* 
ble-or not. On the latter hypothesis it nrast really be 
finite, and even if its particles b^ infinitely c&risiUe it ia 
8 E.2 
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known by experience to be of extreme tenuity at very 
Bmall heights. The barometer rises in proportion to 
the super-incumbent pressure. At the leyel of the sea 
in the latitude of 45^ and at the temperature of mehiog 
ice, the mean height of the barometer being 29*922 
inches, the density of the air is to the density of a simi- 
'lar yolume of mercury as 1 to 10477*9. Consequently 
the height of the atmosphere supposed to be of uniform 
density would be about 4*95 miles. But as the density 
decreases upward in geometrical progression it is consid- 
eraUy higher, probably about fifty miles ; at that height 
it must be of extreme tenuity, for the decrease in density 
is so rapid that three fourths of all the air eonttuned in 
the atmosphere is within four miles of the earth ; and, 
as its superficial extent is 200 millions of square miles, 
its relative thickness is less than that of a sheet of paper 
when compared with its breadth. The air even on 
mountain jtops is sufficientif rare to diminish theintonsity 
of sound, to affect respiration, and to occasion a loss m 
muscular strength. The blood burst from the lips and 
ears of M. d^ Humboldt^ as he ascended the Andes; 
and he experienced the same dtfSculty in kindling and 
maintaining a fire at great heights which Marco Polo 
the Venetian felt on the mountains of Central Asia. M. 
Gay-Lussac and Af . Biot ascended in a balloon to the 
height of 4*36 mil^, which is the greatest eleyation that 
man has attained, and they suffered ^eatly from the 
rarity of the air. It is true that at the height of thhty- 
seven mil0s, the atxnosphere is still dense enoogh to. 
reflect the rays of. the sun when 18° below the horizon ; 
but the tails of comets show that extremely attenuated 
matter is capable of reflectmg light. And although; at 
the height of fifty miles, the bursting of the meteor of 
1783 was heard on earth like the report of a cannon, it 
only proves the immensity of the '^explosion of a mass 
half a mile in diameter, which could produce a sound 
capable of penetrating air three thousand times more 
rare than that we breathe. But even these heights are 
extremely small when compared with the radius of the 
earth. . - , 

The mean pressure of the atmosphere is not the same 
all over the ^be. It is less at the equator than at the 
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tropics or in tha htehor latitades, in coDseipience of the 
ascent of the heated air from the sniface of the earth ; 
it is. less also on the ^ores of the Baltic sea than it is 
in France^ probably i&om some pemument eddy in the 
air arising from the conformation of Ihe snrrounding 
land; and to similar local causes those barometric depres- 
sions may be attributed which hare been observed by 
M. ErmaQi near the Sea of Ochotzk in £astem Siberia, 
and hy Captain Foster near Cape Horn. 

There are yarious periodic osciljations in the atmos- 
I^erQ which, rising and falling like waves in the sea, 
occasion corresponding changes in the height of the 
barometer, but. they differ as much finpm the tntde winds, 
monsoons, and other currents, as the tides of the sea do 
from the Gulf-stream and otiier oceanic rivers. The 
sun and moon distbrb the equilibrium of the atmosphere 
by theb:> attraction, and produce annual undulations which 
have their maximum altitudes at the equinoxes and their 
minima at the solstices.' There are also lunar tides 
which ebb and flow twice in the course of a lunation. 
The diurnal tides, which accompliah their rise and fiill 
in six hours, are greatiy modified by the heat of the 
8un< Between the tropics the barometer attainii its 
maximilm height about nine in the morning, then sinks 
tiU three or wva in the a&etnoon ; it again rises and 
attains a second maximum about liine in the evening, 
and then it begins to faH and reaches a second minimum 
at tkipee in the mornings again to pursue the same course. 
According to M* Bouvard, the amount of the oscillations 
at the equator is proportional to the temperature, and 
in other parallels it varies as the temperature and the 
square of the cosine of, the latitude conjointly, conse- 
quently it decreases from the equator to the poles, out 
it is somewhat greater in the day than in the night. 

Besides these small undulations, there are vast waves 
perpetually moving over the continents and oceans in 
separate and independent systems, being confined to 
local yet very extensive districts, probably occasioned by 
long-continued rains or dry weather over large tracts of 
country. By numerous ixirometrical observations made 
simultaneously in both hemispheres, the courses of sev- 
eral have been traced, some of which occupy twenty-four 
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and otlien thutsr^m hours to tocooii^dii tbeir rise and 
&1]. One especially <^ these vast barometric waves, many 
hundreds of miles in breach, has been traced over the 
greater part of £urope, and ntyt its breaddi ooJty, but also 
Uie direction of its front and its velocity hive been cdearly 
asoMTtained. Although like all other waves l^se ars 
but momg fwms, yet winds aiaae dependent on ihem 
like tide streams in the ocean. Mr. Birt has deter- 
mined the periods of other waves of staH greater extent 
and durataon, two of which require seventeen da^ to 
rise and faB, and another took thirteen days Ho complete 
its undulation. Since, each osciUatkm has its perfect 
effect independent^ of the others, each one is marked 
by a change in the barometer, and this is beautifully 
illustrated by curves constructed from a series of obseir- 
vations. The general form of the curve ^shows the 
course of the principal wave, while small- undulations in 
its outline mark the maxima and minima of the' minor 
oscillations. 

The trade-winds, which are the principal currents In 
the atmosphere, are only a particular case of those veiy 
eeneral laws which reguhite the motion of the winds 
depending on Ihe rarefaction of the air combined with 
the rotation of the earth on its axis. 

The heat of the sun occasi<H)s these atrial currents 
by rarefying liie ahr at the equator, which causes the 
cooler and more dense part of the atmosphere to rush 
fdong the sur&ce ef the earth from the poles toward the 
equator; while Ihat which is heated is carried along the 
higher strata to the poles, forming two counter-currents 
in the direction of the meridian. But the rotatory ve- 
locity of the air corresponding tc its geographical posi- 
tion decreases toward the poles. In approaching the 
equator it must therefo;re revolve more slowly than the 
conresponding parts of the earth, and the bddies on the 
surface of tlM earth must strike against it with the ex- 
cess of their velocity, and by its reaction they will meet 
with a resistance contrary to their motion of rotation. 
So that the wind will appear to a person supposing him- 
self to be at rest, to btow in a direction nearly &oug^ 
not altogether contrary to the earth*s rotation ; because 
these cunrehts will still retain a part of theur northerly 
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imd southerly irapetuBf which, oombniiiig with thmr de- 
ficiency of rotatoly'Tdiocily, will Totk^ them appear to 
Mow from the north-east on one side of the equator and 
from the south-east on the other, wluch is the general 
direction of the trade-winds. Bat they are modified 
both in intensitr|r and direction by the seasons, by ih» 
neighborhood of continents, and by the nature v^ the 
soil, sathat the {dienomena are not the same in bodi 
hemii^heres. These winds, however, are not felt at all 
under the line, because the easterly tendency ef the 
two great polar currents is gradually diminished as they 
approach the equator by the friction of the eartia, whid^ 
slowly imparts a p(Mrti<»i of its rotatoiy reloci^ to them 
as they pain along, and when they meet in the equator 
they dei^roy one another's impetus. The, equator does 
vDot exactly coincide with the fine w\nch. sepemtes the 
trad^winds north and south of it. That line of separa^ 
tion depends upon the total difference of heat in Uie two 
hemispheres, arising -from the distribntaon of Irad and 
water, and other causes. 

The polar currents from defect of rotatoiy Telocity 
tenci, by their fric^tion near the equatoV, to dhninish the 
velocity of the earth's rotation ; while, on the eootrary, 
the equatorial or upper Qunrents cany their excess of 
rotatory velocity north and south. And as they occsf' 
sionaHy come to the surface in tbehr passage to tlie pdea, 
they act on the earth by their friction as a strong soutii- 
west wind in the northern hemisphere, and as a north- 
west wind in the southern. In this manner the equilU 
hrium. of rotation is maintained. Bir John Herschel 
ascribes to this cause the western and south-westem 
gales so prevalent in our latatodes, and also the west 
winds wl^ch are so constant in the North Atlantic. 

There are many proofs of the existence of the coun- 
ter-currents above the trade-winds. On the Peak of 
Teneriffe the prevailing winds are from Ihe west The 
ashes of the volcano of St. Vincent'fe, in Ae year 1812, 
wove carried to windward as far as Barbadoes by the 
upper ^cuirent. The captam of a Bristol ship declared 
that on that occasion dust from St. Vincent's fell to the 
depth of five inches on the deck at the distance of 500 
miles to the eastward. Light ckmds have frequently 
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been seen maving rapidly from west to~ east, at a very 
great height above the trade-winds, which were sweep- 
ing along the snrfiice of the ocean in a contrary direc- 
tion. lUins, clouds, and nearly all the other atmos- 
pheric phenomena occur below the height of 18,000 
feet, and generally much nearer to the surlace of the 
earth. They are owing to currents x>f sir runmi^ upon 
each other in horizontal strata, and differing in theif 
electric state, in temperature and moisture, as well as 
in velocity and di)*ection. 

The monsoons are steady currents six; months in du- 
ration, owing to diminished atmospheric pressure at each . 
tzopic alternately from the heat of the sun, thereby pro-« 
ducing a regular alternation of north and south winds, 
which combining their motion v^ith-lhat of the earth on 
its axis become a north-east wind in the northern hem- 
isphere and a soulh-west in the southern ; the former 
blows from April to October and the latter from October 
to April. The change from one to the other is at- 
tended by violent rains, with storms of thunder and 
lightning. From some peculiar conformation of the 
land and water, these .winds are confined to the Arabian 
Gulf, the Indian Ocean, and the China Sea. 

When north and south winds blow alternately, the 
wind at any place wiU veer in one uniform direction 
through every point of the compass, provided the one 
begins before ^e other has ceased. In the northern 
hemisphere a north wind sets out with a smaller degree 
of rotatory motion than the places have at which it suc- 
cessively arrives, consequently it passes through bH the 
points of the compass from N. to N. £. and £. 'A cur- 
rent from the south, on the contrary, sets out with a 
greater rotatory velocity than the places have at which 
it successively arrives, so by the rotation of the darth it 
is deflected from S. to S. W. and W. Now if the vane 
at any place should have veered from the N. through 
N. E. to E., and a south wind should spring up, it would 
combine its motion with the former and cause the vane 
to turn successively from the E. to S. E. and S. But 
by the earth's rotation this south wind will veer to the 
S. W. and W., and if a north wind should now arise, it 
would combine its motion with that of the west and 
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cause it to veer to the N. W. and N. Thus two alter- 
nation& of north and sonl^ 'Wind will cause the vane at 
any place to go tsompletely round the compass, from N. ' 
to E., S., W., Bjod N. again. At the Roy al Observatory 
at Greenwich^ the wind accomplishes five circuits in that 
direction in the course of a year. When circumstances 
combine to produce alternate north and south winds in 
the southern hemisphere, the gyration is in' the contrary 
direction. Although the general tendency of the wind 
may be ro^tory, and is so in many instances, at least 
for part of the year, yet it is so often counteracted by 
local circumstances, that the winds are in general vfery 
irregular ; every distuibance in atmospheric equilibrium 
from^heat or any other cause producing a corresponding 
wind. The most prevalent winds in £urope are the 
N. E. and S. W. ; the former arises from the north 
polar current, and the latter from causes already men- 
tioned. The law bf the wind's rotation was noticed by 
Dr. Dalton, but has been developed by Professor Dove, 
of Berlin. 

Hurricanes core those storms of wind in which the 
portion of the atmosphere that forms them revolves in a 
horizontal circuit round a vertical or somewhat inclined 
asHs of rotation, while the asEis itself, and consequentfy- 
tfae whole storm, is carried forward along the suiroce of 
the globe, so that the direction in which the storm is 
advancing is quite difforent from the direction in which 
the rotatory cujrrent may be blowing at any point. In 
the West Indies, where hurricanes are frequent and 
destructive, they generally originate in the tropical 
regions near the inner boundary of the trade-winds, and 
are probably owing tp a portion of the superior current 
of wind penetrating throu^ the lower. By far the 
greater ammber of Atlantic hurricanes have begun 
eastward of the lesser Antilles or Caribbean Islands. 

In every case the axis of the storm move's in an 
elliptical or parabolic curve, having its vertex in or near 
the tropic of Cancer, ^^hich mariLs the external limit of 
the trade^winds ninth of the equator. As the motion 
before it reaches the tropic is in a strai^t line from S. 
E. to N. W., and after it has passed it from S. W. to 
N. £m the bend of the curve is turned toward Florida 
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and tlie Carcdinas. In the fiouthem henusphere &» 
body of die stonoi moves in exactly the opposite direc- 
tion. The hurricanes which originate south «£ the 
equate, and whose initial path is from N. K* to S. W., 
bend round at the tropic of Gapricora, and then bend 
fi:om N. W. to S. E. 

The extent and velocity of these storms are great ; 
for instance, the hurricane that took place on llie ISth 
of August, 1830„ was traced from the eastward of the 
Caribl^ Islands to the bank of Newfoundland, a distance 
of more than 3000 miles, which it passed, over in six 
days. Although the hurricane of the 1st of September, 
1821, was not so extensive, its v^oeity was greater, as 
it moved at the rate of 30 miles an hour : simdl storms 
ai'e generaliy more rai»d than those o£ greater dimai* 
sions. . . - - 

The action of these sUHrms seems to be at first eoo* 
fined to the stpratum of air neariest liie earth, and then 
€hey seldoip appear tp be more than a mile high, 
though sometimes they are raised higher ; or even 
divided by a mouqtain into two sepamte storms, each of 
which continues its new palii and g3rrations witb kk- 
creased violence. This occurred in the gale of tiie 2&tfa 
of December, 1B21, in the Meditenanean,^ when 1^ 
Spaniib mountains and the Maritime A\jpB became new 
centers >of motion. 

. By the friction of the earth the axb ef the stcotn 
bends a Utde forward, sotiiat the whurfing motion begins 
in the higher remns of the atmosphere before it is fialt 
on the ^rtb. This causes a continual intiennixtareot 
the lower and warmer strata si air witii those that are 
higher and cokler, pipoducing torronts of rain and vkilent 
electric explosions. 

The rotation is different in direction in different hemi- 
spheres, thouipa always alike m the same* In the 
northem hemisphere the gyration is contrary to the 
movement of the hands of a watch« t^at is to say, the 
wind revives from east round through the north to tbe 
west, south and east agsin ; while in the southern hemi- 
sphere, the rotation about the axis of the storm is in the 
contraiy direction. 

The breadth of tbe whirlwind is grooifcly augmented 
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when tbe path of the storm eh«ifge« on croseing tho 
tropic. The vortex of a storm has covered an extent of 
the 8«r&ce of the glob^ 500 miles in diameter. 

The revolving motion aceonnts Ibr the sudden and 
violent changes observed doring hurricanes. In conse- 
qaenoe of the rotation of the air, the wind Uows in op- 
posite .directions on each side of the axis of the storm, 
and the violenoe of the blast increases horn the drcam- 
ierence toward the center of gyration, bat in the center 
itself the air is in repose : hence, wheo the body of the 
atorm passes oiver a place, the wind he^n^ to blow mod- 
erately, and increases to a hurricane as Hie center of 
the wladorlwiiid approaehes ; tihefit m a iHoment, a dead 
and awiVil calm succeeds, suddenly followed by a re- 
aeiiial of llie storm in lUl its violence, but now blowing 
in a direction diametrically opposite to its former coarse. 
Thi»happMied at the Island of St. Thomas, on the 2d 
ci Au^t, 1837, where the hurrioane increased in vio»- 
lence tiU hai^-piast seven in the morning, when perfect 
stilkess took place for for^ minutes, after which the 
stmriii recommenced in a comarary direction. 

The sudden faU of the mercury in the barometer ia 
the regions habitually visited by hurricanes Is a certain 
indication of a coming tempest. In consequence of the 
centrifu^ force of these rotatory storms the air be- 
comes rarefied, and as the atmosphere is disturbed to 
some distance beyond the aetoaT ^rcle of gyration or 
limits of the stmm, the baromet^ oDten sinks some' 
hours before its arrivali from the original cause of tbe 
rotfttory disturbance* It continues sinking under the 
first half of the hurrioane, and agnn rises during the 
passage of tne latter half, thou^ it does not attain its 
greatest hei^ till the storm is over. The diminution 
of atmospheric pressure i6 greater and extends over a 
wider area In the temperate zones then in the torrid, 
on .acconnt of tiie stidden ezpansiciai of fjbe drde of rota- 
tion when the gale crosses the tropic. 

As the foU of the barometer gives warning of the ap- 
proach of a hurrieane, so llie laws of the storm's mo- 
tion afford to the seanaan the knowledge to guide him in 
avoiding it^ In Hae northeni temjperate zone, if the gale 
begins nrom the S. £. and veers by S. to W., the ship 
L 
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should steer to the S. £. ; but if the gale be^s from 
the N. £•• aiul chaoges thiraugh N..to 1^. W., the ves- 
sel should go to the N. W. In the northera part of the 
torrid zone, if the storm begm from the N. E. and veer 
through £. to S. £., the ship should steer to the N. E. ; 
but if it begin from the N. W. and veertv^ W. to S. W^ I 

the ship ^uld steer to the S. W., because she is in the i 

south-western side of the stotin. Since the laws of i 

storms are reversed in the southern heo^sphere, the , 

rules for steering vessels are necessarily reversed also. ' 

A heavy swell is peculiarly characteristio of these { 

storms. In the open sea the swell often extends many I 

leagues beyond the taage of the gple which produced it. 
Waterspouts are oocasi<med by small whirlwinds, 
which always have thebr origin at a great distance frbm 
that part of the sea from which the spout begins to rise, 
where it is generally calm. .The whirl of the air be- 
gins in the clouds, and extending downward to the sea, 
causes the water to aseend in a spiral by the impulse of 
the centrifu|^l force. When waterspouts have a pro- 
gressive motion, the vortex of air in the cloud above 
must move with the same velocity, otherwise the spouts 
break, which frequently happens. 



Section XVI. 



Soond— ProjMff»tioi& of Bound illostrated by a Field of Standing Coni— 
Nature ot Wayea— Pronuation of Soynd tbxooglt the Atmosphere — 
Intenaity-- Noises — A. Musical Sound — Qualitj — Fitch — Extent of 
Human Heasrin^Veloeity of Sound in Air, Water, and Solids^-Caoses 
of the Obitructibik of Sound— Law of its Iutensi^>~RefleetiaB of Sound 
— ^Echoee-rThunder — ^Refraction of Sound — Intenerence of Soqnds. 

One of the. mostjmportant uses of the atmosphere is 
the conveyance of sound. Without the air deathlike 
silence would prevail through nature, for in common 
with all substances it has a tendency to impart vibrations 
to bodies in contact with it. Therefore undulations re- 
ceived by the air, whellier it be frtun a sudden impulse 
such as an explosion or the vibmtions of a musical chord, 
are propagated in every direction, and produce the sen- 
sation of sound upon the auditory Qerves. A bell rung 
under the exhausted receiver of an air-pump is inaudi* 
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ble, which shows that the atmosphere is really the me- 
dium of sound. In the small unduladoos of deep ¥niteir 
IB a calm* the vibi^ti^ns of the Uqmd particles are made 
in the vertical plane, that is up and down, or at ri^t 
angles to the direction of the transmission of the waTes. 
But the vibrations of the particles of air which produce 
soiind difier from these, being performed in the. same 
direction in which the waves of sound travel. The 
propagation of sound has been' illustrated by a field of 
com agitateil by the wind. However irregular the 
motion of the coroi may seem on a superficial view, it 
wiU be found, if the velocity of the wind be- constant, 
that the waves are all* precisely similar and equal, and 
that aU are separated by equal intervals and move in 
equal times. •. 

A sudden blast depresses each ear equally and suc- 
cessively in the direction of the wind, but in conse- 
anence of the elasticity of the stalks and the fbrc0 of 
lie impulse, each ear not only rises again as soon as 
the pressure is removed, but/ bends back nearly as 
much in the contrary direction, and then continues to 
oscillate backward and forward in equal times, like a 
pendulum to a less and less extent, till the resistance of 
the air puts a stpp to the n[k>tion. These vibrations are 
the same for every individual ear of corn. Yet as their 
oscillations do ,not all commence at the same time, but 
successively, the ears wiH have a variety of positions at 
any one instant. Some of the advancing ears will meet 
others in their returning vibrations, and as the times of 
oscillation are equal for all, they wiU be cirowded to- 
gether at regular intervals. Between these there vnll 
occur equal spaces, where the ears will be few, in con- 
sequence of being bent in opposite directions ; and at 
other equal intervals they will be in their natural upright 
positions. So that over the whole field there will be a 
regular series of condensations and rarefactions among 
the ears of com, separated by equal intervals where 
they will be in their natural state of density, tn con- 
sequence of these changes the field will be marked by 
an alternation of bright and dark bands. Thus the 
successive waves which fly bver the com with the 
speed of the wind, are totally distinct from, and entirely 
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indepandent of llie ttitont of thei ogrillfttiffiM of eadi in^ 
dividiial our, thoagh'both take pbce in the same diree- 
lioD. T^ len^ of amwve m equal, to the qmce be* 
tween two ean precisely in tiie same state ixf modon, 
or which are moviag simiiarfy, and the time of the n- 
bration of each ear is equal to that which elapeee be- 
tween the arriTal of two sncdeasive wwres at the same 
point. The onl^ difi^nee between the aadnlations of 
a corn-field and those of the air which produce semid 
IS, that each ear of eoni is aet in moticm b^ an extenial 
cause and is uninflnenced b^ tiae motaon of ^e rest t 
whereas in air^ ibvliich is a con^Nressibie and elastic fluids 
when one particle. begins to ocKMlkte, it coBununicates 
its Tibrations to the surrounding particles, whifch trans- 
mit them to those adjacent, and so on eoatinua^y'. 
Hence from the successiire TibriCi<MiB ei t^e pprticles of 
air the same regular condensations and rarefactions take 
place as in the field of com, produciDg waves through- 
out the whole mass cf air, thou^ each mc^eenle, &e 
each individual ear of com, never moves far from its 
state of rest The small wares of a fiqwd and the un- 
dulations of the akr like waves in the eovh, ar^ evident^ 
not real ma^es moving in the direction m which they 
are advancing, but merely euHnes, aaetioBS, er fomis 
passing along, and oomprehMidmg aU the particles of an 
undidating flmd which are at once in a vibratory state. 
It is thus that an impulse given to any one point of ^ 
atmosphere is successively propagated in fdl directions, 
in a wave <Mverging as frcftn the center ef a sj^re to 
greater and greater distances, but with decreasing in- 
tensity, in consequence of the increasing number of par- 
ticles of inert matter which the force has to move ; like 
the waves formed in still water by a falfing stone, whidi 
are inropagated circularly all^ around the center of dis- 
turbance (N^r 156). 

The intensity of sound depends ui)on the violence 
and extent of the initial vibrations of air ; but wiwtever 
they may be, each undulation when once formed can 
only be transmitted straight forvrard, and never returns 
back agaih unless when reflected by an opposing ob- 
stacle. The vH)ration8 of the atrial molecules are al- 
ways extremely small, whereas thfe waves of sound 
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vary £rom a lew inches to. several fe^et. Tile raxiooa 
musical instxumentsi tlie' human voice and that of ani* 
ma^ the singing of birds, the hum of insects, the roar 
of the cataract, ttie wlustiing of the wind, and the other 
oamelesa peculiarities of sound, shew 9X once an infinite 
variety in the modes of atrial vibration, and the aston- 
ishing aoutenoss and delicacy of the ew, thus capable of 
appreciating the minutest 4i^erences in^lhe laws of 
molecular oscillation. ^ 

All mere noises are occaaioiied by irregular impnlsea 
communicate to the ear, and if they be short, sudden, 
and repeated beyond a certwn degree cftjuickness^, the 
ear loses the intervals of silence and the sound appears 
continuous. Still such sounds will be mere noise: in 
order to produce a musical sound, the impulses, and 
consequently the undulaitions of the air must be all ex* 
acdy similar in duration and intensity, and must recur 
afitor exactly equal intervals of time . If a blow be given 
to the nearest of a series of broad, flat, and equidistant 
palisades set edgewise in a line direct from the ear, 
each palisade will repeat or echo the sound i and these 
echoes ireturning ta the ear at successive eqtial intervals 
of time will {Hroduce a musical note. The qnali^ of a 
musical note depends upon ^e abruptness, and its in- 
tensily upon the violence and extent of the original im- 
pulse. In the theory of harmony the only property iii 
sound taken into consideration is the pitch, which varies 
with tjie rapidity of the vibrations. The grave or few 
tones aro produced by very slow vibrations, which in- 
crease in frequency as the note becomes more acuta. 
Very deep tones are not heard by ell alike, and Dr. Wol- 
laston, who made a variety of experiments on the sense 
of hearing, found that many people though not at all 
deaf are quite insensible^ to the cry of the bat or the 
cricket, while to others it is painfully shrill. From his 
axperiments he concluded that human hearing is Hnixted 
to about nine octaves, extending from the towest note of 
the orgaii to the highest known <ary of insects; and he 
observes with his usual originality that, ** as there is 
nothing in the naturo of the: atmosphere, to prevent the 
existence of vitHfatk>ns incomparably mcare frequent than 
any of which we are coiM(cious, we may imagine that 
1.2 
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animals like the GryHi, whose powers appear to com- 
mence nearly where ours terminate, may have the fac- 
ulty of hearing still sharper sounds which we do not 
know to* exist, and that t&ere may be other insects hear- 
ing nothing in comtnon with us, but endowed with a 
power of exciting, and a sense which perceives yibratioDS 
of llie same nature indeed as those which constitute our 
ordinary soimds, but -so remote that the animals who 
perceive them may be sud to possess another sense, 
agreeing with our own solely in the medium by which 
it is excited. 

M. Savart, so well known for the number and beauty 
of his researches in acoustics, has proved that a high 
note of a given intensity being heard by some ears and 
not by others, must not be attributed to its pitch, but to 
its feebleness. His experiments, and those more re- 
cently made by Professor Wheatstone, show, that if the 
pulses could be rendered sufficiently powerfdl, it would 
be difficult to fix a liniit to human hearing at either end 
of the scald. M» Savart had a wheel nmde about nine 
inches in diameter with 360 teeth set at equal distances 
round its rim, so that while in motion «ach tooth suc- 
cessive)^ hit on a piece of card. The tone iiicreased in 
pitch with the rapidity of the rotatbn, and was veiy 
pure when the number of strokes did not exceed three 
or four thousand in a second,'but beyond that it became 
feeble and indistinct With a wheel of a larger size a 
much higher tone could be obtained^ because tiie teeth 
being wider apart the blows were more intense and 
more separated from one another. With 720 teeth on 
a wheel thirty-two inches in diameter, the sound pro- 
duced by 12,000 strokes in a second was audible, which 
corresponds to 24,000 vibrations of a musical chord. So 
that the human ear can appreciate a sound which only 
lasts the 24,000th part of a second. This note was dis- 
tinctly heard by M. Savart and by several people who 
were present, which convinced him that with another 
apparatus still more acute- ^imds might be rendered 
audible. 

For the deep tones M. Savart employed a bar of won, 
two feet eight inches long, about two inched broad, and 
half an inch m thickness, which revolved about its center 



d by Google 



SicT. XVI. VELOrtTY OF SOUND. 127 

as if itB arms were the spokes of n wheel. Wben such 
a machine rotates it impresses a motion on the air simi- 
lar to its own, and when a thin board or card is brought 
close to its extremities, the current of air is moment- 
arily interrupted at the instant each arm of .'the bar 
passes before the card ; it is compressed above the card 
and dilated below ; but the instant the spoke has paired, 
a rush of air t6 restore equilibrium makes a kind of ex- 
plosion, and when these succeed each other rapidly, a 
musical note is produced of a pitch proportional to the 
velocity of the revolution.' When M. Savart turned this 
bar slowly a succession of sin^e beats was heard ; as 
the velocity became greater the sound was only a rattle ; 
btit as soon as it was sufficient to give eight beats in a 
second, a very deep musical note was distinctly audible, 
corresponding to sixteen single vibrations in a second,, 
which is the lowest that has hitherto been produced. 
When the velocity of the bar was m^ch increased the 
intensity of the sound was hardly bearable. The spokes 
of a revolving wheel produce the sensation of sound, on 
the very same principle that a burning stick wlurled 
round ^ves the impressiou of a; luminous circle. The 
vibrataons excited in the organ of hearing by one beat 
have not ceased before another impulse is ^ven. Ip^ 
deed it is indispensable that the impressions made upon 
the auditory nerves shocdd encroach upon each other in 
order to produce a fiiU and continued note. On the 
whole, M. Savart has come to the conclusion, that the 
most acute sounds wouM be heard with as much ease 
as those of a lower pitch, if the duratioti of the sensation 
produced by each pulse could be dinunished proportion- 
ally to the augmentation of the number of pylses in a 
^ven time : and on the contrary, if the duration of the 
sensation produced by each pulse could be increased in 
proportion to their number in a given tinie, that the 
deepest tones would be as audible as any of the others. 

The velocity of sound is uniform and independent of 
the nature, extent, and intensity of the primitive dis- 
turbance. Consequently sounds of every quality and 
pitch travel with equal speed. The smallest difference 
in their velocity is incompatible either with harmony or 
melody, for notes of difierent pitches and intensities 
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founded together at a little distaiice, would arrbe attibtf 
ear in di£»rent timei. A sapid snoceflsion of notes 
would in thia case produce oonfiisioD and diacord. But 
as the rapidity with which sound ia tranamitted depends 
upon the elaaticity of the medium through which it has 
to paaa, whatever tends to increase the elaaticity of the 
fur mustako accelerate the motion of sound. On that 
account its velocily ia greater in warm than in cold 
weather, suppeaing the pressure of the atniosphere con* 
atant. In dry air at the freezing temperature, sound 
travels at the rate of 1090 feef in a second, and for any 
higher temperature one foot must be added for ereiy 
degree of the thermometer idmve 32^ ; hence at 62° of 
Fahrenheit its speed in a second is 1120 feet, or 76fi 
miles an hour, which is about three-fourths of the diur- 
nal yelocit|r of the earth's equator. Since i^ the ^e- 
nom^na of the transmisnon of aound are simple conse- 
quences of the physical propertiei^ of the air, they have 
been predicted and computed rigorously by the kws of 
mechanics. It was found, however, that the velocity of 
aound determined by observation, exceeded what it ou^t 
to have been theoretically by 173 feet, or «dx)ut one-sixth 
of the whole amount La Place auggested that this dis- 
crepancy might arise from the increased elasticity of the 
an- in consequence of a development of latent heat (N. 
173) during the undulations of aound, and calculalacm 
confirmed die ^kccuracy of his views. The atrial mole- 
cules being auddei^y compressed give out Iheu: latent 
heat ; and aa aii^ is loo bad a conductor to carry it nip- 
idly off, it occasions a momentary and local rise of tem- 
perature which, increasing the elasticity of the air 
without at the same time mcreasing its inertia) caused 
the movement to be propagated more rapidly. Analysis 
gives the true vdocity of sound in terms of &e elevation 
of temperature that a mass of air is capable of commu- 
mcattng^to itself, by the disengagement of its own latent 
heat when suddenly comprea^d in a given ratao. This 
change of temperature however couM not be obtained 
dirtcUy by any experiments which had been made at 
that ^)ooh ; but by inverting the problem and assuming 
the Velocity of sound as given by experiment, it was 
computed iutt the temperature of a mass <^ air is raised 
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nine-tenths of a degree when the compression is equal 
to j4^ of its volume. 

Probably all liquids are elastic, though considerable 
force is required to compress them. Water 'suffers a 
condensation oi nearly 0* 00004 96 for every atmosphere 
of pressure', and is consequently capable of conveying 
sound even more rapidly than ai^, the velocity in the for- 
mer being 4708 feet in a second.. A person under water 
hears sounds made in air feebly, but those produced in 
water very distinctly. ' According to the experiments of 
M. Cx)lladon, * the sound of a bell was conveyed under 
water through the Lake of Geneva to the distance of 
about nine miles. He also perceived that the progress 
of sound through water is greatly impeded by the inter- 
position of any object, such as a projecting wall ; conse- 
quently sound under water resembles light in having a 
distinct shadow. It has much less in air, being trans- 
mitted all round buildings or ether obstacles, so as te be 
heard in every direction, though often with a cpnsid-' 
erable diminution of intensity, as when a carriage turns 
the comer of a street. 

The velocity of sound m passing through solids is in 
proportion to their hardness, and is much greater than 
in air or water. A soujid which takes some tsine in trav- 
eling through the air passes almost instantaneously along 
a,wire six hundred feet'long ; consequently it is heard 
twice — first as communicated by the wire and after- 
ward through the medium of the air. The facility 
with which the vibrations of sound are transmitted along 
the grain of a log of wood is well known. Indeed they 
pass through iron, glass, and some kinds of wood, at the 
rate of 18,530 feet in a second. The velocity of sound 
is obstructed by a variety of circumstances, such a& fall- 
ing snow, fog, rain, or any other cause which disturbs 
the homogeneity of the medium through which it has 
to pass. M. de Humboldt says that it is on account of 
the greater homogeneity of the atmosphere during the 
night that sounds are then better heard than during the 
day, when its density is perpetually changing from par- . 
tial variations of temperature. His attention was cdled 
to this subject on the plain surrounding the Mission of 
the Apures by the rushing noise of the great cataracts 
9 
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of the Oronoco, which seemed to be three times as loud 
by oight as by day. This he illustrated by experiment. 
A tall glass half full of champaigne cannot be made to 
ling as long as the efferrescence lasts. In order to pro- 
duce a musical note the glass together with the liquid it 
contains must vibrate in unison as a system, wluch it 
cannot do in consequence of the fixed air rising through 
the wine and disturbing its homogeneity, because the 
vibrations of the gas being much slower than those of 
the liquid the velocity of tho sound is perpetually inter- 
rupted. For the same reason the transmission' of sound 
as well as light is impeded in passing through an atmos- 
phere of variable density. Sir John Hersch^, in his 
admirable Treatise on Sound, thus explains the phe- 
nomenon : — ** It is obvious," he says, ** that sound as 
well as lig^t must be obstructed, stifled, and dissipated 
from its original direction by the mixture of air of differ- 
ent temperatures, and consequently elasticities; and 
thus the same cause which produces tiiat extreme 
transparency o£ the lur at night, which . astronomers 
alone fully appredate, renders i}; idso more favorable to 
sound. There is no doubt, however, that the universal 
and dead silence, generatiy prevalent at night, renders 
om* auditory nerves sensible to impressions which would 
otherwise escape notice. The analogy between sound 
and light is perfect in this as in so many other respects. 
In the general tight of day the stars disappear. In th$i 
continual hum of voices,'' whic^ is always going on by 
day, and which reach us from all quarters and never 
leave the ear time to attain coniplete tranquillity, those 
feeble sounds which catch our attention at night make 
no impression. jThe ear, like the eye, irequu'es long 
and perfect repose to attain its utmost sensibility." 

Mai^ instances may be brought in proof of the strength 
and clearness with which sound passes over the surface 
of wjEiter or ice. , Lieutenant Foster was able to carr; 
on a conversation acroaa Fort Bowen harbor, when fro- 
zen, a distance of a laile and a half. - ' 

The intepsity of sound depends upon the extent of 
the excursions of the fluid ipolecules, on the energy, of 
the transient condensations and dilatations, and on the 
greater or less number of particles which experience 
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these ejects. We estimate that inteDsity by the hn- 
petns of these fluid molecules on *otir organs, which is 
cODseqaently as the square of the velocity, and not by 
their inertia, which is as the simple velocity. Were 
the latter the estae there would be no sound, because ^e 
inertia of the receding waves of air would destroy .the 
equal and opp68ite inertia of those advancing ; whence 
it may be concluded that the intensity of sound dimin- 
ishes inversely as the square of the distance from its 
oiigin. rn a tube, however, the ^ force of Sound does 
not decay as in open air, unless perhaps by friction 
against the sides. M. Biot found from a number of 
highly interesting experiments made on the pipes of the 
aqueducts in Paris, that a continual conversation could 
be carried on in the lowest possible whispei^ through 
a eylindricd tube about 3120 feet long, the time of 
transmission through that space being 2*79 seconds. In 
most cases sound diverges in all directions so as to- oc- 
cupy at any one time a spherical surface ; but Dr. Young 
has shown that there are exceptions, as for example 
when « flat surface vibrates only in one direction. The 
sound is then most intense when the ear is at right an- 
gles to the surface, whereas it is scarcely audible in a 
direction precisely perpendicular to- its edge. In thft 
case it is Impossible that the whole of the surrounding 
air can be affected in' the same manner^ since the particles 
behind the sounding surface nnust be moving toward it, 
whenever the particles "before it are retreating. Hence 
in one half of -the surrounding sphere of air its motions 
are retrogade, while in the other half they are direct ; 
consequently at the edges where these two portions 
meet, the motions of the air wiD neither be retrograde 
nor direct, and therefore it must be at rest. 

It appears from theory as well as daily experience, 
that sound is capable of reflection from surfaces (N. 174) 
according to the same laws as light. Indeed any one 
who has observed the reflection of the waves from a 
wall on the side of a river after the passage of asteam- 
boat, will have a perfect idea of the .reflection of sound 
and of Cght. As every substance in nature is more or 
less elastic, it may be agitated according to its own law 
by the impulse pf a mass of undulating air; and recip- 
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rocally the surface by its reSUstion will communicate its 
undulations back again into the air. Such reflectioDS 
produce echoes, and as a series of them may take place 
between two or more obstacles, each will cause an echo 
of the original sound, growipg fainter and fainter till it 
dies away ; because sound, like light, is weakened by 
reflection. Should the reflecting surface be concave 
toward a person, the sound will converge toward him 
with increased intensity, which will be greater still if 
the sm-face be spherical and concentric with him. Un- 
dulations of sound diverging from one focus of an ellip- 
tical shell (N. 175) -converge in the other after reflec- 
tion. Consequently a sound from the one will be heard 
in the other as if it were close to the ear. The itiUing 
noise of thunder has been attributed to reverberation 
between difl*erent clouds, which may possibly be the 
case to a certain extent. Sir John Herschel is of opin- 
ion, that an intensely prolonged peal. is probably owing 
to a combination of sounds because the velocity of elec- 
tricity being incomparably greater than that of sound, 
the diunder may be regarded' as originating in eveiy 
point of a flash of lightning at the same instant. , The 
sound from the nearejst point will arrive first, and if the 
flash run in a direct line from a person, the noise will 
come later and later from the remote points of its path 
in a continued roar. Should the direction of the flash 
be inclined, the succession of sounds will be more rapid 
and intense, and if the lightning describe a circular curve 
round a person, the sound will arrive from eveiy point 
at thO/ same instant with a stunning crash. In like 
manner the subterranean noises heard during earth- 
quakes like distant thunder, may arise from the conse- 
cutive arrival at the ear of undulations propagated at the 
same instant 'from nearer and more remote points ; or 
if they originate Iq the same pointy the sound may 
cOYne by different routes through strata of different den- 
sities. 

Sounds under water are heard very distinctly in the 
an: immediately -above ; but the intensity decays with 
great rapidity as the observer goes farther off, and is 
altogether inaudible aft the distance of two or three 
hundred yards. So. that waves of sound, like those of 
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light, in passing from a dense 4o a rare medium, are not 
only refracted, but suffer total reflection at very oblique 
incMenoes (N. 184). ^ ^ 

The laws of interference extend also to sound. It is 
clear that two equal and similar musical strings will .be 
in unison, if they communicate the same number of 
vibrations to the air in the same time. But if two such 
strings be so neai'ly in unison^ that one perfoitas a hun- 
dred vibrations in a second, and the other a hundred 
and one in the same period— during the first few vibra- 
tions, the two resulting sounds will combine to form one 
of double the intensity of either, because the atrial waves 
will sensibly coincide in. time and place;' but one will 
gradually gain on the other till at the fiftieth vibration it 
will be half an oscillation in advance. Then the waves 
of air which produce the sound being sensibly equal, but 
the receding part of the one coinciding with the advan- 
cing part of the other, they will destroy one another and 
occasion an instant of silence. The sound will be re- 
newed immediately alter, and will gradually increase 
till the hundredth vibration^ when the two- waves will 
combine to produce a sound double the intensity of either. 
These intervals of silence and greatest intensity, called 
beats, will recur every second;. but if the notes differ 
much from one another ^e alternations will resemble a 
rattle ; and if the strings be in perfect unison there will 
be no beats, since there will be no interference. Thus 
hy interference is meant the coexistence of two undula- 
tions in which the lengths of the waves are the same. 
And as the magnitude of an undulation may be dimin- 
ished by the addition of another transmitted in the same 
direction, it follows that one undulation m^ be abso- 
lutely destroyed by another when waves of the same 
length are transmitted in the saine direction, provided 
that the maxima of the undulations are equal, and that 
one follows the other by half the length of a wave. A- 
timing-fork affords a good example of interference. 
When that instrument vibrates, its tyrQ branches alter* 
iiately recede from and approach one another ; -each ' 
conmiunicates its vibrations to the air, and a musical 
note is the consequenee. ^ If the fork be held upright, 
about a foot from the ear^ and turned round its axis while 
M 
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vibrating, at every quarter revelation, tlie sonnd wiH 
scarcely be heard, while at the intei^sediate points it 
will be strong and clear. This phenomenon arises 
from the intederence joi the. undulations of air ooming 
from the two branches of the fork. When the two 
branches coincide, or when they -are at equal distances 
from the ear, the waves of air combine to reinforce each 
other ; but at the quadrants, where the two branches 
are at unequal distances from the ear, the lengths of die 
waves differ by ^^ ^^ undulation, and consequently 
destroy one another. 



Section XVII. 



Vibration of Mnsical Btrings— Harmonic Sonnds—Nodes— VibraUon of Air 
in Wi^d Instruments— vibration of Solids— Vibrating^ Plates— Bells— 
Humoay — Sounding Boards — Forced Vibrations— Resonance— 'Speaking 
Machines.. 

When the partiblesof elastic bodies are suddenly 
disturbed by an impulse, they, return to their natural 
position by a series of isochronous vibrations, whose 
rapdity, force, and permanency depend upon tiie ^as- 
ticity, the form, and the mode df aggregation which 
unites the particles of the body. These osciHalions are 
communicated to the air, and on account of its elastidly 
they excite alternate condensktions and dilatations in 
the strata of the, fluid nearest to the vibrating body : 
from thence they are propagated to a distance. A string 
or wire stretched between two pins, when drawn aside 
and suddenly let go, will vibrate till its own ngidity and 
the resistanco of £e air reduce it to rest. These oscil- 
lations may be rotatory in every plane, or confined to one 
plane, according as the motion is communicated. In the 
piano-fortoi where the strings are struck by a hammer 
at one extremity, the ^brations probably consist of a 
bulge running to and fro from end to end. Different 
modes of vibration may be. obtained from the same so- 
norous body. Suppose a vibrating string to give ^le 
lowest C of the piano-forte, which is the fundamental 
note of the string ; if it be lightly touched eitactly in the 
middle so as to retain that point at rest, each half will 
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then vibrate twice as feat as the whole, but in opposite 
directions ; the ventral or bulging segments vnll be alter- 
nately above and below the natural position of the string, 
and the resulting note will be the octave above C. When 
a point at a third of the length of the string is kept at 
rest, the vibrations wjH he three times as fast as ttiose 
of the whole string, abd will give the twelfth above C. 
When the piOint of rest is one fourth of the whole, the 
oscillations will be four times as fast as those of the fun- 
damental note, and will give the double octave ; and ao 
on. These acute sounds are called the hartnonics of 
the fundamental note. It is clear from what has been 
stated, that the string thus vibrating could not give these 
harmonics spontaneously unless it divided it&lf at its 
aliquot parts into two, three, fOur, or more segments in 
opposite states of vibration separated by points actually 
at rest. In proof of this, pieces of paper placed on the 
string at the half, third, fourth, o^ other aliquot -points 
accbraing to the corresponding harmcmic sound, will re- 
main on it during its vibration, but will instantly fly off 
from any of the intermediate points. The pqints of 
rest called the nodal points of the string, are a mere 
consequence of the law of interferences. For if a rop^ 
- ^tened at one end be moved to and fro at ' the other 
extremity so as to transmit a succession of equal waves 
along it, they will be successively reflected when they 
arrive at the other end of the rope by the fixed point, 
and in returning they will occasionally interfere with 
the advancing v^ves ; and as these opposite undulations 
will at certain points destroy one another, the point of 
the rope in which this happens will remain at rest. 
Thus a series of nodes and ventral segments wiA be 
produced, whose number will depend upon the tension 
t£nd the frequency of the alternate motions communi- 
ciated to the movable end. So when a string fixed at 
both ends is put in motion by a sudden blow^t any-point 
of it, the primitive impulse divides itself into two pulses 
running opposite ways, which are each 'totally reflected 
at the extremities, and running back again along the 
whole length are again reflected at the other ends. And 
thus they wiU continue to run backward and fbrward, 
crossing one another at' each traverse, and occasionally 
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interferingt so as to produce nodes; so that the motion 
of a string fastened at both ends consists of a wave or 
pulse, continually doubled back on itself by reflQction at 
the fixed extremities. 

Harmonics generally coexist with the fundamental 
sound in thd same vibrating body. If one of the lowest 
strings of the. piano-forte be struck^ an attentive ear 
will not only hear the fundamental note, but will detect 
all the others sounding along with it, though *with less 
and less intensity as their pitch becomes higher. Ac- 
cording to the law of coexisting undulations,, the whole 
string and each of its aliquot parts are in different and 
independent states of vibration at the same time ; and 
as all the resulting notes are heard simultaneously, not 
only the air but the ear also vibrates in unison with 
eaeh at the same instant (N. 176). 

Harmony consists in an agreeable combination of 
sounds. When two chords perform their vibrations in 
the same time, til^ey are in unison. But when their 
vibrations are so r^ated as to have a common period 
after a few oscillations they produce concord. Thus 
when the vibrations of two strings bear a very simple 
relation to each other, as where, one of them makes 
two, three, four, &c. vibrations in the time the other 
makes one ; or if it accomplishes three, four, &c. vibra- 
tions while the other naakes two, the result is a concord 
which is the more perfect the shorter the common 
period. In discords, on the contrary, the beats are 
distinctly audible, which produces a disagreeable and 
harsh effect, because the vibrations do not bear a simple 
relation to one another, as where one of two stringjs 
makes eight vibrations while the other accomplishes 
fifteen. The pleasure afforded by hai*mony is attributed 
by Dr. Young to the love of order, and to a predilection 
for a regular repetition of . sensations natural to the 
human mind, which is gratified by the perfect regularity 
and rapid recurrence of the vibrations. The love of 
poetry and dancing he conceiv^js to ari^e in some -degree 
from the rhythm of the one and the regularity of the 
motions in the other. 

A blast of air passing over the open end of a tube, as 
over the reeds in Pan^si pipes ; .over a hole in one side, 
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as in the flute ; or through the aperture called r reed 
with H flexible tongue, as in the clarinet, puts the inter- 
nal column of air into longitudinal vibrations by the 
filtemate condensations and rarefactions of its particles. 
At the same time the column spontaneously divides 
itself into nodes between v^hi^h the air also vibrates 
longitudinally, but with a rapidity inversely proportional 
to the length of the divisions, giving the fundamental 
note or one of its harmonics. The npdes are produced 
on the principle of interferences by the reflection of the 
longitudinal undulations of the air at the ends of the 
pipe, as in the musical string, only that in one case the 
undulations are longitudinal, and in the other transverse. 
A pipe either open or shut at both endd when 
sounded vibrates entire, or divides itself spontaneously 
into two, three, four, &c. segments separated by nodes. 
The whole column gives the fundamelital note by 
waves or vibrations of the same length with the pipe. ^ 
The first harmoiiic is produced by waves half as long* as 
the tube, the second harmonic by waves a third as long, 
and so on. Tl^ harmonic segments in an open and 
shut pipe are the same in' number, but differently 
placed. In a shut pipe the two ends are nodes, but in 
an open pipe there is half a segment at each extren[iity, 
because the air at these points is neither rarefied nor 
condensed, being in contact with that which i^ external. 
If one of the ends^f the open pipe be closed, its funda- 
mental note will be an octave lower, the air will now 
divide itself into three, five, seven, 6cc. segments ; and 
the wave producing its fundamental note will be twice 
as long as the pipe, so that it will be doubled back 
(N. 177). AU-these notes may be produced separately, 
by varying the intensity of the blast. Blowing steadily 
and gently, the fundamental note will sound ; when the 
force of the blast is increased, the note will all at once 
start up an octave ; when the intensity of the wind is 
augmented, the twelfth will be heard, and by continuing 
to increase #ip force of the blast the other harmonics 
may be obtained, but no force of Wind will produce a 
note intermediate between these. The harmonics of a 
flute may be obtained in this manner, from the lowest 
Cor D upward, witheiit altering' fhe fingering, merely 
M 2 
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by increasing the intensity of the blast, and altering the 
form of the lips. Pipes of the same dimensions, 
whether of lead, glass, or wood, give the same tone as to 
pitch under the same circumstances, Which shows that 
the air alone produces the sdixnd. 

Metal springs fastened at one end, when forcibly 
bent, endeavor to return to yeat by a series bf vibrations, 
which give very pleasing tones, as in musical boxes. 
-Various musical instruments have recendy beea con- 
structed, consisting of metall:e springs thrown into vibra- 
tion by a currei^t of aur. Among the most perfect of these 
are Mr. Wheatstone's Syraphonion, Concertina, aiid.£o> 
lian Organ, instruments ofdifferent effects and capabilities, 
.but. all possessing considerable execution and expression. 

The Syren is an ingenious instrument, devised by tf . 
Cagniard de la Tour, for ascertaining the numbier 'of 
pulsations in a second corresponding to each pitch : the 
notes are produced by jets of air passing through small 
apertures arranged at regular distances in a circle on 
the side of a box, before which a disc ^evolves pierced 
with the same number of holes. During a revolution 
of the disc the currents are alternately intercepted and 
allowed to. pass as many times as there. ai;e lipertures ir 
it, and a sound is produced whose pitch depends on the 
velocity of rotation. . . 

A glass or metallic rod, when struck at one end, or 
rubbed in the direction of it^ length with a wet finger, 
vibrates longitudinally like a column of air, by the alter- 
nate condensation and expansion of its constituent par- 
ticles, producing a clear and 4)eautiful musical note of 
a high pitch, on account of the rapidity with which 
these substances transmit sound. Rods, sur&ces, and, 
in general, all, undulating bodies, resolve themselves into 
nodes. But in surfaces, the parts which remain at rest 
during their vibrations are lines, which are curvod or 
plane according to the substance, its form, and the mode 
of vibration. If a little fine dry saiad be strewed over 
the surface of a plate of glass or naetal, and if undula- 
tions be excited by drawing the bow of a violin across 
its edge, it will emit a musical sound, and the sand 
will immediately arrange itself in the nodal linos, where 
alone it will accumulate and remain at rest, because the 
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segments of the surface on eacli side will be m different 
states of vibration^ the one being elevated while the 
other is depressed ; and as these two motions meet in 
thQ nodal lines, they neutralize one another. These 
line* vary in form and - position with the part where the 
bow is drawn across, and the point by whicji the pfcite 
is held: The motion of the sand shows in what direc- 
tion the vibrations take place. If they be perpendicular 
to the surface, the sand, wijl be violently tossed up and 
down, till it finds the points of rest. If they be tan- 
gential, the sa^id will 'only creep along the surface to 
the nodal lines. Sometimes the undulations are oblique, 
or compQunded of both the preceding. If a bow be 
drawn across one of the angles of ft square plate of glass 
or metal held firntly by the Center, the sand will ar- 
range itself in two straight lines parallel to the sides. of 
the plate, and crossing in the center so as to divide it 
into foui* equal squares, whose motioils wiU be contrary 
to each other. Two of the diagonal squares will make 
their excursions oti ope side of the plate, while the 
other two make their vibratibtis on the other side of it. 
This mode of vibration produces the lowest tone of the 
plate (N. 178). If tiie plate be still held by the center, 
and the bow applied to the middle of one of the sides, 
the vibrations will be more rapid-, and the tone will be a 
fifth high^* than in the preceding case ; now the sand 
will airange itself from corner to corner, and will divide 
the plate into four equal triangles, each pair of which 
will make their excursions on opposite sides of the 
plate. The nodal lines and pitch vary not only with 
the point where the bow is applied, but with the point 
by which the plate is held, which being at rest, neces- 
sarily determines the direction of one of the quiescent 
lines. The forms assumed by the sand in square 
plates'^are very numeroui^, corresponding to all th^ va- 
rious modes of vibration. . The lines in circular plates 
are even more remarkable for their symmetry, and 
upon then! the forrns assumed by the san^ may be 
classed in three systems. The first is the diametrical 
system, in which the .figures consist of diameters divid- 
ing the circumference of the plate into equal parts, 
each of wliich is in a different state of vibration from 
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those eajacent. Two diameters, for example, crossing 
at right angles, divide the circumference into four equal 
parts ; three diameters . divide it into six equal parts ; 
four divide it into eight, and so on. In a metallic pkte, 
these divisions may amount to thirty-six or forty. The 
next is the concentric system, where ^he sand arranges 
itself in circles, having the same center with the plate ; 
and the third is the compound system, where the figures 
assumed by the sand are compounded of tHe other two, 
produciiig very complicated and l^eautiful forms. Ga^- 
lileo seems to have been the first to notice the points of 
rest and motion in the sounding-board of a musical 
instrument ; but to Chladni is dife the whole discovery 
of the symmetrica] forms of the nodal lines in vibrating 
plates (N. 179). Professor Wheatstone has, shown in 
a paper read before the Royal Society, in 1833, that all 
Chladni's figured, and indeed all the nodal figures o£ 
vibrating surfaces, result from very simple modes of 
vibration, oscillating isochronously, and superposed upon 
each other ; the resulting figure varying vnth the com^ 
ponent niodes of vibration, the number of the super- 
positions, and the angles at which they are superposed. 
For example, if a square plate, be vibrating so as to make 
the sand arrange itself in straight lines parallel to one 
side of the plate, and if, in addition to this, such vibra- 
tions be excited as would have caused the sand to foroi 
in lines perpendicular to the. first had the plate* been 
at rest, the combined vibz*ations Will make the sand form 
in lines from corner to corner (N. 180). 

M. Savait^s experiments on the vibrations of flat glass 
rulers, are highly interesting. Let a lamina of glass 
27'°'56 long, 0*59 of an inch broad, 0*06 of an inch in 
thickness, be held by the edges in the middle, with its 
fiat surface horizontal. If this surface be strewed with 
sand, and set in longitudinal vibihEition by rubbing its 
under surface with a wet cloth,, the sand on the upper 
surface will arrange itself in lines parallel to the ends of 
the lamina, always in one or oflier of two systems 
(N. 181). Although the same one of the two systems 
will always be produced by the same plate of glass, yet. 
among different plates of the preceding dimensions, even 
though cut from the same sheet side by side^ one will 
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invariably exhibit one system, and the other the otHer, 
withbut any visible reason for the difference. Now if 
the positions of these qniescent lines be marked on the 
upper surfacoj and if the plate be turned so that the 
lower surface becomes the upper one, the sand being 
strewed, and vibrations excited a;3 before, the nodal lines 
wiU still be p>arallel to the ends of the lamina, but their 
positions- Vfill be intermediate between those of the 
upper surface (N. 182'j. . Thus it appears that all the 
motions of one half oi the thickness of the lamina, or 
ruler, are exactly contrary to those of the corresponding 
points of the other half. If the thickness of the lamina 
be increased, the. other dimensions remaining the same, 
the sound will not vary, but the number of nodal lines 
will he less. When the breadth of the lamina exceeds 
the 0*6 of an inch, the nddal lines -become curved and are 
different on the two surfaces. A great variety of forms 
are produced by increasing the breadth and changing 
the form of the surfiEKse ; ^t in all, it appears that the 
motions in ene hs^ of the thickness are opposed to -those 
in the other half. . ^ 

M. Savart also found, by placing small paper rings 
round a cylindrical tube or rod.- so as to rest upon it at 
one point only, that wh^n the tube or rod is continually 
turned on its axis in the same direction, the rings slide 
along during the vibrations, till they come to a quiescent 
point, where they rest. By tracing these nodal lines he 
discovered that they twist in a spiral or corkscrew round 
rods and cylinders, making one or more turns according 
to the length ; but at certaih points, varying in number 
according to the mode' of vibration of the rod, the screw 
stops, and recommences on the otl^er side, though it is 
turned in a contrary direction ; that is, on one side it is 
a right-handed screw, on the other a left (N. 183). The 
nodal lines in the interior surface of the tubes are per- 
fectly sin^ilar to those in the- exterior, but thpy occupy 
intermediate positions. If a small ivoiy ball be put 
within the tube, it will follow these nodal lines when 
the tube is made to revolve on its axis. 

All solids which ring when struck, such as bells, 
drinking glasses, gongs, &;c., have their shape momen- 
tarily and fprcibly changed by the blow, and from their 
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elasticityi or teodency to resume their natural form, a 
series of undulations takes place, owing to the alternate 
condensations and rarefactions ^of the particles of solid 
matter. These have also their harmonic tones, and 
consequently nodes. Indeed generally, when a.jrigid 
system of any form whatever vibrates either transverse- 
ly or longitadinally^ it divides itself into a certain number 
of parts, which perform their vibrations without disturb- 
ing one another- , These parts are at every instant in 
alternate states of undulation ; and as the points or lines 
where they join partake of both they remain at rest, 
because the opposing motions destroy one another. 

The air, notwithstanding its rarity, is capable of trans- 
nvitting its unduUaions when in contact with a body sus- 
ceptible of admitting find exciting them. It is thus thrt 
sympathetic undulations are excited by a body vibrating 
near insulated tended strings, capable of following its 
undulations, either by vibrating entire, or by separating 
themselves into their harmonic divisions* If two chords 
equally stretched, of which one is twice. oi^ three times 
longer than the other,, be placed side by side, and. if the 
shorter be sounded, its vibrations will be communicated 
by the air to the other, which will be thrown, into sudi 
a state of vibration that it will be spontaneously divided 
into segments equal in length to the shorter string. 
When a tuning-fork receives a bkiw and is made to rest 
upon a piano-forte during its vibration, eveiy string 
which, either by its natural length or by its spontaneous 
siibdivisions, is capable of executing c6rrespondingyihra- 
tions, responds in a sympathetic note. Some one or 
other of the notes of an organ are generally in umsoo 
with one of the panes or with the whole sash of a win- 
dow, which consequently resounds when these notes 
are sounded. A peal of thunder has frequently the 
same effect. The sound of very large organ-fHpes is 
generally inaudible till the air be set in motion by the 
undulations of some of the superior accords, and then 
its sound becomes extremely enei^etic. Recurring vi- 
brations occasionally influence each other's periods. For 
example, two adjacent organ-pipds nearly in unison, may 
i^rce themselves into concord; and two clocks' whose 
rates differed considerably when separate, have been 
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knovm to beat together when fixed to the same waU, 
aod ooe clbck has forced the pendulum of another mto 
m<>tion, when merely standing on the same stone pave- 
ment. These forced, oscillations, which correspond in 
their periods with those of the exciting cause, are to be 
traced in every department of physical science. Several 
instances of them have already occurred in this work. 
Such are the tides, which foDow the sun and moon in all 
their motions and /periods. The nutation of the «arth^a 
«x\b also, which corresponds with the period, and repre- 
sents the motion of the nodes of the moon, is again 
reflected back to the moon, and may be traced in the 
nutation of theMunai* orbit. ' And lastly, the acceleration 
of the moon's mean motion represents the action of the- 
planets on the earth reflected by the sun to the moon. 

In consequence of the facility with which the air 
communicates undulations, all the phenomena of vibrat- 
ing plates may be exhibited by sand strewed on paper or 
parchment, stretched over a harmonica glass or large 
bell-shaped tumbler. In order to give due tension to 
the paper or vellum, it must be wetted, stretched over 
the glass, gummed round the edges, allowed to dry, and 
varnished over to prevent changes in its tension from the 
humidity of the atmosphere. If a circular disc of glass 
be held concentrically over this apparatus, with its plane 
paraUel to the surface of the paper^ and set in vibration 
by drawing a bow across its edge, so as to make sand on 
its surface take any of Chladni's figures, the sand on the 
paper wiH assume the very same form, in consequence 
of the vibrations of the disc being communicated to the 
paper by the air. When the disc is removed slowly in 
a horizontal direction, the foi'ms on the paper will cor- 
respond with those on the disc, till the distance is too 
great for the air to convey the vibrations. If the disc 
while vibrating be graduaUy more and ' more inclined to 
the horizon, the figures on the pajier will vary by de- 
grees; and when the vibrating disc is peipendicular to 
the horizon, the sand on the paper will form into straight 
lines parallel to the surface oTthe disc, by creeping along it 
instead of dancing up and down. If the disc be made to 
turn i*ound its vertical diameter while vibrating, the nodal 
lines on the paper wilV revolve, and exactly foUow the 
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motion of the disc. It appears from this experiment, 
that the motions of the atrial molecules in eyecy part of 
a spherical wave, propagated from a vibrating body as a 
center, are pai-allel to each other, and not divergent likd 
the radii of a circle. When a slow air is played on a 
flute near this apparatus, each note calls up a particular 
form in the sand, which the next note effaces to estab- 
lish its own. The motion of the sand will even detect 
Bounds that are inaudible. By the vibrations of sand on 
a drum-head the besieged have discovered the direction 
in which a counter-mine was working. M^ Savvt, who 
made these beautiful experimejtits, employed this appa- 
ratus to discover nodal lines in masses of air. He found 
that the air of a room, when thrown into undulations by 
the continued sound of an orgaji-pipe, pr by any other 
means, divides itself into masses separated l>y nodal 
curyes of double curvature, such as spirals, on each side 
of which ^e air is in opposite states of vibration. He 
even traced these quiescent tines going out at an open 
window, and for a considerable distance in the open air. 
The sand is violently agitated where the undulations of 
the air ate greatest, and remains at rest in the nodal 
lines. M. Savart observed, "that when he moved his 
head away from a quiescent line toward the right the 
sound appeared to come from the right, and when he 
j&oved it toward the left the sound seemed to come from 
the left, because the molecules of air are in different 
states of motion on each side of the quiescent line. 

A musical string gives a very feeble sound when vi- 
brating alone, on account of the small quantity of air set 
in motion. But when attached to a sounding-board, as 
in the harp and piano-forte, it communicates its undula- 
tions to that surface, and from thence to every, part of 
the instrument ; so that the whole system vibrates iso- 
-cihronbusly, and by exposing an extensive undulating sm*- 
face, which transmits its undulations to a great mass of 
aii*, the sound is much reinforced. The intensity is 
greatest when the vibrations of the string or sounding 
/body are perpendicular to the sounding-board, and least 
when they are in the same plane with it. The sound- 
ing-board of the piano-forte is better disposed than that 
of any other stringed instrument, because the hammera 
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Strike the strings so. as to make them vibrate at right 
angles to it. In the guitar, on the contrary, they are 
struck obliquely, which renders the tone feeble, unless 
when the sides, which also act as a! sounding-board, are 
deep. It is evident that the sounding-board and the 
whole instrument are agitated at once by all the super- 
posed vibrations excited by the simultaneous or consecu- 
tive notes that are sounded, each having its perfect effect 
independently of ttfe rest., A «ounding-board not only 
reciprocates the different degrees of pitch, but all the 
nameless qualities of tone. This has' been beautifully 
illustrated by Professor Wheatstone in a series of exper- 
iments on the transmission through solid conductors of 
musical performances, from the harp, piano, violin, clar- 
inet, &:c. He found that all the varieties of pitch, qual- 
ity, and intensity, are perfectly transmitted with ^eir 
relative gradations, and may be communicated through 
conducting wu*es or rods of very considerable length, to 
a properly disposed sounding-board _in a distant apart- 
ment. The sounds of an entire orchestra may be trans- 
mitted and reciprocated hiy connecting one end of a 
metallic rod with a sounding-board near the orchestra, 
so placed as to resound to all the instruments, and thff 
other end with the sounding-board of a harp, piano, or 
guitar, in a remote apartment. Professor Wheatstone 
. observes, "The effect of this experiment is very pleas- 
ing ; the sounds, indeed, have so little intensity as scarcely 
to be heard at a distance from the reciprocating instru- 
ment ; but on placing tlie ear close to it, a diminutive 
band is heard, in which all the instruments preserve 
their distinctive qualities, and the pianos and fortes, the 
crescendos and diminuendos, their relative contrasts. 
Compared with an ordinary band heard at a distance 
through the air, the effect is as a landscape seen in min^ 
iature beauty through a concave lens,' compared with 
the same scene viewed by ordinary vision through a 
murky atmosphere." 

Every one is aware of the reinforcement of sound by 
the resonance of cavities. When singing or speaking 
near the aperture of a wide-mouthed vessel, the inten- 
sity of some one note in unison with the air in the cav- 
ity, is often augmented to a great degree. A.ny jressel 
10 N 
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will resound if a body yibrating the natural note of the 
cavity be placed opposite to Its orifice, and be large 
enough to cover it ; or at least to set a large portion of 
the adjacent air in motion. For the sound will be alter- 
nately reflected by the bottom of the cavity and the un- 
dulatmg body at its mouth. The first impulse of the 
undulating substance will be reflected by the bottom of 
the cavity, and then by the' undulating body, in time to 
combine with the second new impulse. This reinforced 
sound will also be twice reflected in time to conspire 
with the third new impulse ; and as the «ame process 
will be repeated on every new impulse, each will com- 
bine with all its echoes to reinforce the sound pro- 
digiously. Professor Wheatstone, to whose ingenuity 
we are indebted for so much new and valuable informa- 
tion on the theory of sound, has given some very striking 
instances of resonance. If one of the branches of a vi- 
brating tuning-fork be brought near the embouchure of 
a flute, the lateral. apertures of which are stopped so as 
to render it capable of producing the same sound as the 
fork, the feeble and scarcely audible sound of the fork 
will be augmented by the ricfi resonance of the column 
of air within the flute, and the tone will be full and clear. 
The sound will be found greatly to decrease by closing 
or opening another aperture ; for the alteration in the 
length of the column of air renders it no longer fit per- 
fectly to reciprocate the sound of the fork. This exper- 
iment may be made on a conceit flute with a C tuning- 
fork. But Professor "Wheatstone observes, that in this 
case it is generally necessaiy to finger the flute for B, 
because when blown into with the mouth the under-lip 
partly covers the embouchure, which renders the sound 
about a semitone flatter than it would be were the em- 
bouchure entirely uncovered. Ho has also shown, by 
tjie following experiment, that any one among several 
simultaneous sounds may be rendered separately audible. 
If two bottles be selected, and tuned by filling them with 
such a quantity of water as will- render them unisonant 
with two tuning-forks which differ in pitch, on bringing 
both of the vibrating tuning-forks to the mouth of each 
bottle alternately, in each case that sound ,only will be 
heard which is reciprocated by 'the unisonant bottle. 
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Several attempts have 1>een made to imitate the ortic- 
ulatioD of the letters of the ^alphabet. About the year 
1779, MM. Kratzeustein of St. Petersburgh, and Kem- 
pelen of Vienna, constructed instruments which articu^ 
"kted many letters, words, and even sentences. Mr. 
'VC^illis of -Cambridge has recently adapted cylindrical 
tubes to a reed, whose length can be varied at pleasure 
by sliding joints. Upon drawing out a tube while a col> 
amn of air from 4he. bellows of ah organ is passing 
through it, the vowels are pronounced in the order, i, e,, 
a, o, u. On extending the tube they are repeated after 
a certain interval, in the inverted order, u, o, a, «, i. Af- 
ter another interval they are ^gain obtained in the direct 
order, and -so on. When the pitch of the reed is very 
high, it is imjpossible to sound some of the vowels, which 
is in perfect correspondence with the human voice, fe- 
male singers being unable to pronounce u and o in thjeir 
high notes. From the singular discoveries of M. Savart 
OiD the nature of the human voice, aud the investiga- 
tions of Mr* Willis on the mechanism of the larynx, 
it may be presumed that ultimately the utterance- or 
pronunciation of modern*languages will be conveyed, 
not only to the eye but also to the ear ^f posterity. 
Had .the ancients possessed the means of transmitting 
such definite sounds, the civilized world would ^till have 
responded .in sympathetic notes at the distance of many 
ages. 



Section XVIII. 



Befraction— Astronomical Refraction and its Laws— Formation of Tables of 
Refraction— Terrestrial Refraction— ItsXJtiantity— Instances of Extraor- 
dinary Refraction— Reflection— Instances of Ehitraordinary ReHection— ' 
Loss of Light by the Absorbing Power of the Atmosphere-7-Apparant 
Magtlitude of Sun and Moon in the Horizon. 

Not only everything we hear but all we see is through 
the medium of the atmosphere. Without some knowl- 
edge of its action upon light, it vyould be impossible to 
ascertain the position of the heavenly bodies, or even to 
determine tiie exact place of very distant objects upon 
the surface of tiiq^arth; for in consequence of the re- 
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{ractiye power of the air, no distant object is seen in its 
true position. 

All the celestial bodies appear to be more elevated 
than they really are ; be<jause the rays ef lighti instead 
of moving through the atmosphere in Straight lines, are 
continually inflected toward the earth. Light- passing 
obliquely out of a rare into a denser medium, as from 
vacuum into air, or from air into water, is bent or re- 
fracted from its course toward a perpendicular to that 
point of the denser surface where the light enters it 
(N. 184). In the same medium, the sine of the angle 
contained between the incident ray and the perpendic- 
ular is in a constant ratio to the sine of the angle con- 
tained by the refracted ray and the same perpendicu- 
lar ; but this ratio varies with the refracting medium. 
The denser the medium the more the ray is bent. 
The barometer shows that the density of the atmos- 
phere decreases as the height above the earth increases. 
Direct experiments prove that the refractive power of 
the air increases with its density. It follows therefore 
that if the teimperature 'be uniform, the refractive power 
of the air is greatest at the earth's surface and dimin- 
ishes upward. . - 

A ray of light from a celestial object falling obliquely 
on this variable atmosphere, instead of being refracted 
at once froni its course, is gradually more and more bent; 
during its passage through it so as to move in a vertical' 
curved lin«, in the same manner as if the atmosphere 
consisted of an infinite number of strata of different den- 
sities. The object is seen in the direction of a tangent 
to that part of the curve which meets the eye, conse- 
quently the apparent altitude (N. 185) Qf the heavenly 
bodies is always greater than their true altitude. Owing 
to this circumstance, the stars are seen above the hori- 
zon after thfey are set, and the day is lengthened from 
a part of the sun being visible, though he really is behind 
the rotundity of the earth. It would Ee easy to de- 
termine the direction of a ray of light through the at- 
mosphere if tl^e law of the density were known ; but as 
this law is perpjBtually varying with the temperature, 
the case is very complicated. When rays pass perpen- 
dicularly from one medium into another, they are not 
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bentj; and'ext)erieDce shows, that in the same surface, 
though the sines of the angles of incidence and refrac- 
tion retain the same ratio, the refraction increases with 
the obliquity of incidence (N. 184). Hence it appears 
that the refraction is grejeitest at the horizon, and at the 
zenith there is -none. But it is proved that at all heights 
above ten degrees, refraction varies nearly as the tangent 
of thei angular distance of the object from the zenith, 
and wholly de|)ends upon the heights of the barometer 
and t<heFfnometer. Por the quantity of refraction at the 
same distance from the zenith varies nearly as the height 
' of the barometer, the temperature being constant ; and 
the effect of the variation of temperature is to diminish 
•the quantity of refraction by about its 480th part for 
every degree, in the rise of Fahrenheit's thermometer. 
Not much reliance can be placed on celestial observa-. 
tions, within less than ten or twelve degrees of the 
horizon, on account of irregular variations in the density 
of the- air near the surface of the earth, which are 
sometimes the cause of very singular phenomena. The 
humidity of the air prodfeices no sensible effect on its 
refractive pewer. 

Bodies, whether luminous or not, are only visible by 
the rays which proceed from them. As the rays must 
pass through strata of different densities in coming to us, 
it follows that with the exception of stars in the zenith, 
no object either in or beyond our atmosphere is seen in 
its true place. But the deviation is so smaUfta ordinary 
cases that it causes no inconvenience, thou^jr in astro- 
nomical and trigonometrical observations oto allowance 
must be made for the eJEfects of refraction. Dr. grad- 
ley's tables of fefraction were formed by observing the 
zenith distances of the sun at his greatest declinations, 
and the zenith distances of the pole-star above, and -below 
the pole. The sum of, these four quantities is equal to 
180^, diminished by the suni of the four refractions, 
whence the sum of the four, refractions^ was obtained ; 
and from the law of the variation of refraction determined 
by theory, he assigned thd quantity due to each altitude 
(N. 186). 'The mean horizontd refraction is about 
35'. 6", and at the height of forty-five degrees it ia 58"'36. 
The effect of refraction upon the sanle star above aqd 
n3 
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below tike pole was noticed by Alhazen, a Samcen 
aatroQomer of Spain, in'the ninth centuiy, bat its exis- 
tence, was iLnown to Ptolemy in the second, l^ough he 
was ignorant of its quantity. 

The jrefraction of a terrestrial object is estimated dif- 
ferently £rom that of a celestial body. It is measared 
by the ai^e contained between the tangent to the 
curviltneal path of the ray where it meets tSie eye, and 
die straight line joining the eye and the object (In. 187). 
Near the earth^s surface the path of ^e ray may be 
supposed to be circular ; and the angle at the center of 
the earth corresponding to this path is called the hori- 
zontal angle. The quantity of terrestrial refraction is 
obtained by measuring contemporaneously the elevation 
of the top of a mountain abore a point in the plain at its 
base, and the depression of that point below the top of 
the mountain). The distance betweeti these two sta- 
tions is the chord of the horizontal angle ; and it is easy 
to prove that double the refraction is equal to the 
horizontal angle, increased by the difference between 
the apparent elevation and ihe apparent depression. 
Whence it appears that in the mean state of the a^nos- 
phere, the refractioti is about the fourteentih part of the 
horiBontal angle. 

Some very singular appearances occur from the acci- 
dental expansion or condensation of the strata of the 
atmosphere contiguous to the surface of the earth, by 
which dinpit objects, instead of being elevated, are de- 
pressed. TSometimes being at once bot^ elevated and 
depressed they appear double, one of the images being 
direct and the odier inverted.. In consequence of the 
upper edges of the sun and moon being less refract^ 
than the lower, they often appear to be oval when near 
the horizon. The looming also or elevation of coasts, 
mountains, and ships, when viewed across the sea, 
arises from unusual refraction. A friend of the au- 
thor, while standing on the plains of Hindostan, saw 
the whole upper chain of the Himalaya mountains start 
i^to view, from a sudden change in die density of the 
an:, oeeasioned by a heavy shower after a very long 
course of dry and hot Weather. Single and double im- 
ages of objects at sea, arising from sudden chahges of 
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temperature which sere not so soon communicated to the 
water on account of its density as to the air, occur more 
rarely and are of shorter duration than simi^r i^ppear- 
ances on land. In 1818, Captain Scoresby, whose ob- 
servations on &e phenomena of the polar seas are so 
valuable, recognized his father's ship by its inverted 
image in.the~air, although the fesseJ itself was below 
the horizon. He aftenvard found' that, she was seven- 
teen miles beyond the horizon^ and thirty miles distant. 
Two images are sometimes seen suspended in the air 
over a ship, one direct and the- other inverted, with thehr 
topmasts or their hulls meeting, according as the in- 
verted image is above or below the direct image (N. 189^... 
T)r. WoUaston has proved that these appearances are 
owing to the refraction of the rays through media of 
different densities, by .the very simple experiment of 
looking along a red-hot poker at a distant object. Two 
images are seen, one direct and another inverted, in 
consequence of the change induced by the heat in the 
density of the adjacent air. He produced the same 
effect by a saline^ or saccharine solution with water and 
spirit of wine floating upon it (N. 189). 

Many of the^ phenomena that have been ascribed to 
extraordinary refraction seem to be occasioned jj^j a 
partial or total reflection of the rays of light at the sur- 
faces of strata of different densities (N. 184)* It is well 
known that when light falls obliquely upo^die external 
surface of a transparent medium, as on J^^^ of glas^ 
or stratum of air, one portion is reflecte^^^Hie (rther 
tntnsmitted. Bi^t.when light falls yei^j^HPTely upon 
the internal Surface, the whole is refl^BTand not a 
rtiy is transmitted. In all cases the angles made bjr* 
the incident and r'eflected rays with a perpendicular to 
the surface being equal, as the brightness of the re- 
flected image depends on the quantity of light, those 
arising from total reflection must be by far the most 
vivid. The delusive appearance of water, so well 
known to African travelers and to the Arab of the des- 
ert as the Lakfe of the Gazelles, is ascribed to the re- 
ilection which ftikes place between strata of air of dif- 
ferent densities, owing to radiation of heat from the 
arid sandy plains. The "mirage described by Captain 
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MuDdy in his Journal of a Tour in India probably 
arises from this cause. A deep precipitous valley be- 
low us, at the bottom of which I had seen one or two 
miserable villages in the morning, bore in the evening a 
complete resemblance to a beautiful lake ; the vapor 
which played the part of water ascendjng nearly half 
way up the sides of tl^ vale, and on its bright surface 
trees and rocks being distinctly reflected. I had not 
been long conBenplating this phenomenon, before a 
sudden storm came on and dropped a curtain of clouds 
over the scene." 

An occurrence which happened on the 18di of No- 
vember, 1804, was probably produced by reflection. 
Dr. Buchan, while watching the rising sun from the 
cliff about a mile to the east of Brighton, at the instant 
the solar disc emerged from the surface of the ocean, 
saw the cliff on which he was standing, a windmill, his 
own figure and that of a friend, depicted immediately 
opposite to him on the sea. This appearance lasted 
about ten minutes, till the sun had risen nearly his own 
diameter above the surface of the waves. The whole 
then seemed to be elevated into the air and successively 
vanished. The rays of the sun fell upon the cliff at an 
incidence of 73° from the perpendicular, and th6 sea 
was Covered with a dense tog many yards in height 
which gradually receded before the rising sun. When 
extraordinaiiQr refi-nction takes place laterally, the strata 
of varia^flil|nt^iry are perpendicular to tiie horizon, 
tuid if t^^^Hd^ ^^^^ vertical refraction, the objects 
nrt? mEi^^^^^Lwlion seen through a telescope. From 
this cau^l^Vthe 26th of July, 1798, the cliffs of 
i^^^runce, lUBdiles off, were seen as distinctly from 
^llaslJDgs mS they had been close at hand ; and even 
Dieppe was said to have been visible in the afternoon. 

The stratum of air in the horizon is so much thicker 
and more dense than, the stratum in the vertical, that 
the sun^s light is diminished 1300 times in passing 
through it, which enables us to look at him when setting 
without being dazzled. The loss of light and conse- 
quently of heat by the absorbing powc^ of the atmos- 
phere, increases with the obliquity of incidence. Of 
ten thousand rays falling on its surfiice, 8123 arrive at a 



d by Google 



Sect. XIX. ATMOSPHERIC ABSORPTION. 153 

given point of the earth if they fall perpendicularly ; 
7024 arrive, if the angle of direction be fifty degrees; 
2831, if it be seven degrees; and only five rays will 
arrive throng a horizontal stratum. Since so great a 
quantity o^ Ught is lost in passing throng the atmos- 
phere, maijiy celestial objects may be altogether invisible 
from the plain, which nMiy be seen from elevated situ- 
ations. Diminished splendor, and the false estimate 
we make of distance from-the number of intervening 
objects, lead us to suppose the sun and moon to be 
much larger when4n ' the horizon than at any other al- 
titude, thou^ their apparent diameters jire theh some- 
what less. Instead of the sudden transitions of light 
and darkness, the reflective power of the air adorns na- 
ture with the rosy and golden hues of the Aurora and 
twilight. Even when the sun is eighteen degrees be- 
low Sie horizon, a sufficient portion of light remains to 
show, that at the height of diirty miles it is still dense 
enough to reflect light. The atmosphere scatters the 
sun's rays, and gives all the beautiful tints and cheerful- 
ness of day. It transmits the blue light in greatest 
abundance ; the higher we ascend,, the sky a-ssumes a 
deeper hue ; but in the expanse of space, the sun and 
stars must appear like brilliant specks in pr^jjimd 
blackness. • *^ ^ -" 
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It is impossible thus to trace the path of a sunbeam 
through our atmosphere without feeling a desire to 
know its nature, by what power it traverses the immen- 
sity of space, and the various modifications it undergoes 
at the suifaces and in the interior of terrestrial sub- 
stances. 

Sir Isaac Nepton proved the compound nature of 
white light as emitted from the sun, by passing a sun- 
beam through a glass prism (N. 190), which separating 
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the rays by refraction, formed a spectram or obbng 
image of the sun, consisting of seven colors, red» orangey 
yellow, green, blue, indigo, and violet ; of which the 
red is the least refrangible and the violet the most. Bat 
when he reunited tfae&e seven rays' by means of a lens, 
the compound beam became pure whit^ as before. He 
insulated each colored ray ; and finding that it was oo 
l6nger capable of decomposition by remwjtion, concluded 
that white light consists of seven kinds of homogeneous 
light, and that to the same color the same refrangibifity 
ever belongs, and to the same refrangibility the same 
color. * Since the discovery of absorbent media, how- 
ever, it appears that this is not the constitution of the 
solar spectrum. 

We know of no substance that is either perfectly 
opaque or perfectly transparent. Even gold may be 
beaten so thin as to be pervious to light. On the con- 
trary, the clearest crystal, the purest air or water, stops 
or absorbs its rays when transmitted, and gradually ex- 
tinguishes them as they penetrate to greater depths. 
On this account objects cannot be seen at the bottom of 
very deep vrater, and many more stars are visible to tiie 
naked eye fit>m the tops of mountiuns than from the 
va^ys.. The quantity of light that is incident on any 
trdnparent substance is alf^ays greater than the sum df 
the reflec|»d and refracted rays. A small quantity is 
irregul arljtlre fleeted in all disections by the imperfec- 
tions o|flB||plish by which we are enabled to see the 
surfac^H^B much greater portion is absorbed by the 
body. ^B^^p that reflect all the rays appear white, 
those thai^Korb them all seem black ; but most sub- 
stances, aftOT decomposing the white light which falls 
upon them, reflect some colors and absorb the rest. A 
violet reflects the violet rays alonor and absorbs the 
others. Scarlet cloth absorbs almost all the colors ex- 
cept red. Yellow cloth reflects the yellow rays most 
abundantly, and blue cloth those that are blue. Con- 
sequently color is not a property of matter^ but arises 
from the action of matter upon light. Thus a white 
riband reflects all the rays, but when* 4^ed red the par- 
ticles of the silk- acquire the property of reflecting the 
red rays most abundantly and of absorbing the others. 
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Upon' this property of unequal absorption, the colors of 
transparept media depend. For they also receive their" 
ci^or from their power of stopping or absorbing some of • 
the colors of white light and transmitting others. As ' 
for example, black and red inks, though equally hbmo- 
geneous, absorb different kinds of rays ; and when ex- 
posed to the sun, tiiey become heated in different de- 
grees; while pure water seems to transmit all rays 
equally, and is not sensibly heated by the passing light 
of the sun. The rich dark light transmitted by a smalt- 
bhie finger-glass is not a homogeneous color like the 
blue or indigo of the spectrum, but is a mixture of all 
the <iolors of white light wMich the glass has not ab- 
sorbed.' The colors absorbed are such as mixed with 
the blue tint woulcf form white light. When the spec- 
trum of seven colors is viewed through ^ thin plate of 
this glass they are aH visible ; and when the plate is 
very thick, every color is absorbed between the extreme 
red and the extreme violet, the interval being perfectly 
black : but if the spectrum be viewed through a certfdn 
thickness of the glass' intermediate between thp two, it 
will be found that the middle of the red space, tlie whole 
of the orange, a great part of the green, a considerable 
part of the blue, a little of the Indigo, and a very little 
of the violet, vanish', being absorbed by the blue glass : 
and that the yellow rays*(Dccupy a larger space, cover- 
ing part of that formerly (^cupied by the orange on one 
side, and by the green on the other. So thi^the blue 
glass absorbs the red light, whicli wlieu m v|K with the 
yellow constitutes orange ;* and also absms the blue 
Ught, which when mixed with the yellow forms the 
part of the green space next to the yellow. Hence by 
absorption, green light is decomposed into yellow and 
blue, and orange light into yellow and red. Conse- 
quently the orange and green rays, though incapable of 
decomposition by refraction, can be resolved by. absorp- 
tion, and actually consist of two different colors possess- 
ing the same' degree of refrangibility. Difference of 
color, therefore, is not a test ^f difference of refrangi- 
bility, and the conclusion deduced . by Newton is no 
longer admissible as a general truth.- By this analysis 
of the spectrum, not only with blue glass, but with a 
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variety of colored media, Sir David Brewster, so justly 
celebrated for his optical discoveries,. has proved that 
the solar spectrum consists of three primary colors, red, 
yellow, and blue, each of which exists throughout its 
whole extent, but with different degrees of intensily in 
different parts ; and that the superposition of these three 
produces all the seven hues according as each primaiy 
color is an excess or defect. Since a certain portion of 
red, yellow, and blue rays constitute white Jiight, the 
color of any point of the spectrum may be considered 
as consisting of the predominating color at that point 
mixed with white light. Consequently, by absorbing 
the excess of any color at any point of the spectrum 
abpve what is necessary to form white light, such white 
light will appear at &at point as never mortal eye 
looked upon before this experiment, since it possesses 
the remarkable property of remaining the same after 
any number of refractions, and of being capable of de- 
composition by absorption alone* 

In addition to the seven colors of the Nev?tonian spec- 
trum, Sir John H^rschel has discovered a set of very 
dark red rays beyond the red extremity of the spec- 
trum, which can only be seen when the eye is defended 
from the glare of the other colors by a dark blue cobalt 
glass. He has .also found that beyond . the extreme 
violet there are visible rays .of a lavender gray color, 
which may be seen by throwing the spectrum on a 
sheet of joaper moistened 6y the carbonate of soda. 
, The iUuiflkating pow^ of the different rays of the spec* 
trum varies with the color. The most intense light is 
in the mean yellow ray. ,:; 

When the prism is very perfect and the sunbeam 
small, so that the spectrum may be received on a sheet 
of white paper in its utn^ost state of purity, it presents 
the appearance of a riband shaded with all the prismatic 
colors, having its breadth irregularly striped or subdi- 
vided by an indefinite number of dark, and sometimes 
black, lines. The greater number of these rayless lines 
are so extremely narrow that it is impossible to see 
them in ordinary circumstances. The best method is 
to receive the spectrum on the object glass of a tele- 
scope, so as to magnify them sufiiciently to render them 
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visible. This experiment may also be made, bat in an 
imperfect maDDer, by viewing a narrow slit between two 
nearly 'closed window-shutters through a very excellent 
glass prism held close to the eye, with its refracting 
angle parallel to the line of light. The rayless lines in 
the red portion of the spectrum become most visible as 
the sun approaches the horizon, while those in the blne^ 
extremity, are most obvious in the . middle of the day. 
When the spectrum is formed by the ^un's r^ys, either 
direct or indirect-r-as from the sky, clouds, rainbow, moon, 
orplanets-^the black biands t^re always found to be in 
the same parts of the spectrum^ and under all circum- 
stances to maintain the same relative positions, breaths, 
and intensities. ' Similar dark lines dre also seen in &e 
light of the stars, in the electric light, and, in the flame 
of combustible substances, though diiferently arranged, 
each star and each flame having a system of dark lines 
peeutiar to itself, which remains the same under every 
circumstance. Dr. WdJastbn and M. Fraunhctfer of 
Munich discovered these lines deficient of rays inde- 
pendently of each other. M. Fraunhofer found that 
their numl^r extends to nearly six hundred. There are 
bright lines in the solar spectrum which also maintain a 
fixed position. Among the dark lines, M; Fraunhofer 
selected seven of the most remarkable, and determined 
their distances so accurately, that they now form stand- 
ard and invariable points of reference for measuring the 
refractive powers of different media H>n the rays of Ught, 
which renders this department of optics as <exAct as any 
of the physical sciences. These lines are designated 
by the letters of the alphabet, beginning with b* which- 
is in' the red near the end of the spectrum ; c is farther 
advanced in the red ; n is ib the 'orange ; e, in the 
green.; f, in the blue; o, in the indigo^; and h, in the 
violet. ^ By means of these fixed points, M. Fraunhofer 
has ascertained from prismatic- observation the refrangi- 
iHlity of seven of the principal rays in each of ten diflfer- 
ent substances solid and liquid. The refiraction increased 
in all from the red tof the violet end of the spectrum; 
but so irregularly for each^ray and in each medium, that 
no law dould be discovered. The rays that are wanting 
in the solar spectrum which occasion the dark lines,- 
.0 
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were 8U{>po8ed to be absorbed by the atinosphere of the 
sun* If they were absorbed by the earlii's atmosphere, 
the very same rays would be wanting in the spectra 
from, the light of the fixed stars, which is not the case ; 
for it has ^ready been stated that the position of the 
dark lines is not the same in spectra from starlight and 
from the light of the sun. The sc^ar rays reflected 
from the moon and j>lanets would most likely be mod- 
ified also by their atmospheres, but they are not : for 
the dark lines have precisely the same positions, in the 
spectra, from the direct. and reflected light of the sun. 
But the annular ecli]5se which happened on the 15th of 
May, 1836, afforded Professor- Forbes the means of 
proving that the dark lines in question cannot be attrib- 
uted to the absorption of the solar atmosphere; they 
were neither broader nor more- numerous in the spec- 
trum formed during that phenomenon tlian at a^y other 
time, though the rays came only from the circum£^reDce 
of. tha sun's disc, and consequently had to traverse a 
greater depth of his atmosphere. We are therefore 
still ignorant of the cause of these rayless bands. 

A sunbeam received on a screen^ after passing through 
a small round hole in a window-shutter, appears like a 
round white spot ; but when a prism is interposed, the 
beam no longer occupies the same space. It is separa- 
ted intct the prismatic colors, and spread over a line of 
considerable length, while its breadlli remains the same 
with that of the white spot. The act of spreading or 
separation is called the dispersion of the colored rays. 
Dispersion always takes place in the plane of refraction, 
. and is greater as the angle of incidence is greater. It 
varies inversely as the length of a wave of light, and 
directly as its velocity: hence toward the blue end of 
tha spectrum, where the undul^ions or the rays are 
least, the dispersion is greatest. Substances have very 
different dispersive powers; that is to sSy the spectra 
formed by two equal prisms of different subst&nces under 
precisely the same circumstances, are of different 
lengths. Thus, if a prism of flint glass «nd ooe'of crown- 
glass of equal refi-aeting angles be presented to tvvo fays 
of white tight sX equal angles, it will be found, that the 
space over which the colored rays are dispersed by the 
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flint glass i» much greater than the space occupied bjr. 
that produced by the crown glass ; and as the quantity 
of dispersion d^ends upon the refracting angle of the 
prism, the angles of the two prisms inay be made such, 
that when the prisms are placed close together with their 
edges turned opposite ways, they wiU exactly oppose 
each other's action, and will refract the colorfed rays 
equally but in conti-ary directions, so that an exact com- 
pensatibn will be effected, and the light will be refracted 
without color (N. 191).- The achromatic telescope is 
constructed on this principle. It consists of a tube with 
an object glass or lens at one end to bring the rays to a 
fi>cus and form ^ an imag|^ of the distant object, and a 
magnifying glass at the other. end to view the image 
thus formed. Now it is found that the object-glass, 
instead of making the rays converge to one point, dis- 
perses them, and gives a coDfused and colored image : 
but by constructing it of two lenses in contact, one of 
flint and the other of crown- glass of certain forms and 
proportions, the dispersion is counteracted, and a per- 
fectly well defined and colorless image of the object is 
formed (N. 192). It was thought to be impossible to 
produce refraction without color, till Mr. Hall, a gentle- 
man of Worcestershire, constructed a telescope on this 
pr'mciple in the year 1733 ; and twenty-five years after- 
ward, the achromatic telescope was brought to perfec- 
tion-by Mr. JDollond, a celebrated optician in London. 

A perfectly homogeneous color is very rarely to be 
found, but tiie tints of all substances are most brilliant 
when viewed in light of their own color. The red of a 
wafer is much more vivid in red than in white light ; 
^hiereas if placed in homogeneous yellow light, it can 
no longer appear red, because there is not a my of red 
in the yellow light. Were it not that the wafer, like all 
other bodies, whether colored or not, reflects white light 
at its outer surface, it would appear absolutely black 
when placed in yellow light. 

After looking steadily for a short time at a colored 
object, such as a red wafer, on turning the eyes to a 
white substance, a green image of the wafer appears, 
TVhich is called the accidental color of red. All tints 
have their accidental colors :^-thus the accidental color 
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of orange is blue ; that of yellow is indigo'\ of green, 
reddish-white; of blue, orange-i*ed; of violet, yeJlow; 
and of white, black ; and vice versd* When ihe. direct 
and accidental colors are of the same intensity, the acci- 
dental is then called the complementaiy color, because 
any two colors are said to be complementary to one an- 
other which produce white when combined. 

From recent experiments by M. Plateau of Brussels, 
it appears that two^ complementary colors from' direct' 
impression, which would produce white When combined, 
produce black, or extinguish one another by their union, 
When accidental ; and ^so that the combination of all the 
tints of the solar spectrum p#duces white light if they 
be from a direct impression on the eye, whereas black- 
ness results from a union of the same tints if they be 
accidental ; and in every case where the real colors pro- 
duce white by their combination, the accidental cokurs 
of the same tints produce black. When the image of 
an object is impressed^on the retina only for a few mo- 
ments, the picture^left is exactly of the same color with 
the object, but in an extremely short time the picture 
is succeeded by the accidental image. M. Plateau at- 
tributes this phenomenon to a reaction of theuretina after 
being excited by direct vision, so that the accidental imr 
pression is of an opposite nature to the corresponding 
direct impression. He conceives, that when the eye \b 
excited by being fixed for a time on a colored object, and 
then withdrawn from the excitement, that it endeavors 
to return to its state of repose, but in so doing that it 
passes this point and spontaneously assumes an opposite 
condition, like a spring, which, bent in one direction, in 
returning to its state of rest bepds as much the contraiy 
way: The accidental image thus results from a partic- 
ular modification of the organ of sight, in virtue of which 
it spontaneously gives us a new sensation after it has 
been excited by direct vision. If the prevailing impres- 
sion be a veiy strong white light, its acoidental image is 
not Mack, but a j^ariety of colors in succession. . Accord- 
ing to M. Plateau, the retina oifers a resistance to the 
action of light, which increases with the duration of this 
action ; whence, after looking intently at an object for a 
long timoj it appears to decrease in brilliancy. The im- 
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BginatioD has a power&il inflamiee on our (^Haeal imps^-* 
sions, and has been known to reTnre the imagaa d£ h^)y 
huninoua qjbjects months, and e^wn yearSv afterwaid. 



Section XX/ 



foterferonoa of Ligli^-irndmlatoiy Theory bf light^-PropamtiflM of LigU 
— ^Newton^ Siagr—Mewiupement of the Lepgth of the WavBs of Li^t, 
. and of the Frequency of the Tibratioiu of Ether for each Color — Nqw- 
' ton's Scale of Color»-4)iffractioii of Lig:ht«-Sir John H^rachel's Theory 
• flf the AbMcpiioK of X>iKh(---RefhuDtioa and Reflection of J<ight. '. 

Newton and most of his immediate successors uiii^-> 
ined li^ to be a materiid substance, emitted by all setf^ 
hamiious- bodies in extreme^ minute partides, mpvin^ 
m strai^ iinea wilii prodigibus Telocity, which, by tm^^ 
pinging upon the optic nezres, produce the sensatioa of ^ 
light. . Afony of liiie observed phenomena' have been ex* 
pfaunedtiy this theory; it is, louywei^eir, totaUy inadeqoate 
to accdrnt for tiie £blknn&g . ciocumstanctos. 
■ Whisn two. equal rays of reii h^it, proceediaDg fiom 
tiro luminous points, &I1 wpsm a sheet of 'white paper in 
a dark room, ibafjf parpduce a r^d spot on it, which wiH 
be t«nce as bri^t as either ray would proddee iingly^ 
p(n»vided the di&renee in Ihe lengliis of the twolMiims«' 
tom>the hmuBeus points to the red spot on 4iie paper, 
be exactly the Or000025dth part of an inch. The sanie 
effedt wiM take place if the difference in the lengths Im> 
twice, l^vee times, four times, &c. that quantity. But 
^}the diff(^ence in the. lengths of the two rays be equal 
to one*half of the 0*X)00025dth part of an inch, or to Us 
li,'2\, 3^, &c. part, the one Jight wiU entirely extinguish 
the otiier, «nd wtil produce absoiote darkness-.on the 
paper where the united beams fall. If the differeaee 
iu the lengths of their paths be equal to the l|r 2|7 S^ 
&e. of the 0'0000258th -part of an indh, ^e red spot 
Biising fiY>m tha combined^ beams will be of the sam^ 
intensity which one alone would produce. If Ticdetligiht 
be employed, the difference in the leagdiS' of the two 
beams must be equal to the 0'00(K)157th part of*a2i mdL 
in ordei* lb produce the same phenomena; and fo tho 
other coAarBy tli£^ difference must be intermediate btn 
1103 
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tween the 0*0000258th and the 0*(H)00157th port of as 
inch. Similar phenomena may be seen by viewing the 
dame of a candle throug;h two very fine slit^ in a card 
extremely near to one another (N. 193 V; or by admitting 
the sun's light into a dark room througn a pin-h6le about 
the fortieth of an inch in diameter, receiving tbe image 
on a sheet of white paper, and holding a slender wire in 
the light. Its shadow will be found to consist of a bri^t 
white bar or stripe in the middle, with a series of alt»r^ 
nate black and brightly cok>red stripes on each side. The 
rays which bend round the wire in two streanos are of 
equal lengths in tiie middle stripe; it is consequently 
doubly br^t from their combined effoet ; but the rays 
which faM on the paper on each side of the bright stripe, 
being of such unequal lengtiis as to destroy one anotiier, 
form black lines. On each side of these black lines the 
rays are again of such lengths as to combine, to form Inrigbt 
stripes, and so on alternately till the light is too faint to be 
Fisible. When any homogenepus light is used, such as 
red,^ the alternations are only black and. red ;~ but on acr 
^count of the heterogeneous nature of white light, the 
black lines alternate Mrith vivid strqies.or fringes of pris- 
matic colors, arising from the superposition of Easterns 
of alteniate black Unes and lines of each homogeneous 
color. That the alternation of blapk lines and- colored 
fringes .actually does arise from the mixtore of the two 
streams of light which flow round the wire, is proved by 
tiieir vanishing the instant on^ of the streams is inter- 
rupted. It may therefore • be concluded, as often as 
these stripes of light and darkness occur, tiuit they are 
owing to tibe rays combining at certain intervals to pro- 
duce a joint effect, and at others to e;xtinguish one 
another. Now it ^ contraiy to cdl our ideas of matter 
to suppose that two particles of it should annihilate one 
another imder any circumstances whaite^er; while on 
the contrary, two opposing motions may, and it ia im- 
possible not to -be struck with the perfect similarity be- 
tween the interferences of small undulations of air or of 
water and the preceding phenomena. The analogy is 
indeed so perfect, that j^Uosophers. of the hi^est au- 
thority concur in the supposition that the celestial regions 
are filled with an extremely rare, imponderable,' and 
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highly dlastic medium or ether, whose particles are ca- 
ipaUe of i-eceiimig the vibrations communicated to them 
by self-luminous bodies, and of transmitting them to the 
optic nerves, so .as. to produce the sensadon jof light. 
■The acceleration in the mean motion of Encke's ^met, 
a&well as of .the comet discovered by M. Biela, renders 
the existence of such a medium, almost certain. It is 
clear that: in this hypothesis, the alternate stripes of 
light and darkness are entirely the efiect of the inteife- 
jence of. the undulations v^r by actual measurement, 
the 'length of a wave of the mean red rays of the solar 
spectrum -is equid to the 0*0000258th part of an inch; 
consequently, when the elevation of the waves ^combine, 
they produce double the intensity of light that each 
would do sin^y ; and when half a wave combines with 
a who}e,^-that is, when the hollow of one wave is fitted 
up by the elevation of another, darkness is the result. 
At intermediate points betweeti these extremes, the in- 
tensity of the light corresponds vto intermediate differ- 
ences in the lengths of the rays.. .^ - ^ 

The theory of interferences is a particular case of the 
general mechanical law of the- superposition of small 
motions ; whence At appears that the disturbance of a 
particle of an elastic medium, produced by two ctoexis^ 
tent undulations, is the stun of the disturbances which 
-each undn^tion would produce separately; conse- 
quently, the particle will move in the diagonal of a par- 
allelogram,^ whose sides are^the two undulations. I£^ 
therefore, the two undulations agree in direction, or 
nearly so, the resulting motion will be very nearly equal 
to their sum, and in the jsame direction : if they nearly 
oppose o&e another, the resulting motion wiU be nearly 
equal to their difference ; and if the undulations be equal 
and opposite, the resultant will be zero, and the particle 
will remain at rest* 

The preceding experiments, and the inferences de- 
duced from them,, which have led to the establishment 
of the doctrine of the undulations of light, are the most 
splendid memorials of bur illustrious countryman Dr. . 
Thonlas Young, thoiigh Huygens Was the first to origi- 
nate the ic^a. , 

It is, supposed that the particles of luminous bodies 
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are in a state of perpetual Agitation, and lliat they pos- 
aesf the property of exciting regular vibrations in the 
ethereal medium, eorreapondiug to the vibrations of theyr 
own molecules ; and that, on aocouut of its elastic nature^ 
one parlacle of the ether when set in motion communi- 
cates its vibrations to those adjacent, which in suceessioB 
transmit them to those farther off ; so that the primi- 
tive-impulse is transferred from particle to partide, and 
the undulating motion darts through ether like a wave 
in water. Although the progressifve motion of li^ is 
known by experience to be uniform and in a strai^ 
line, the vibrations of the particles are always at ri^t 
angles to the direction of the ray. The propagatioD of 
light is like the spreading of waves in water ; but if one 
ray alone be considered, its motion may be conceived hj 
supposing a rope of indefinite length stretched hoiisson- 
tally, one end ef which is held in the hand. If it be 
agitated to and fro at regular intervals^ with a motion 
perpendicular to its length, a series of similar and equal 
tremors or yJmvpB will be propagated along it ; and if tbe 
regular impulses be given in u variety of planes, as up 
and down, from right to left, and also in oblique direc- 
tions, the eoccessive undulations will take place in every 
possible plane. An analogous motionv in . the ether^ 
when communicated to the optic nerves, viFonld produce 
the sensation of common light. It is evident that the 
waves which flow from end to end of the cord in a ser- 
pentine form, are altogether different from the perpen- 
dicular vibratory motion of eech partScle of the rope, 
which. never deviates ikr from a state of rest. So in 
ether, each particle vibrates perpendicularly to the di- 
rection^ of the ray; but these vibrations are totally dif^ 
ferent fr^m, and independent of, the undulationB which 
are transmitted through it, in the «ame manner as the 
vibrations of each particular ear of com are independent 
of the waves that ru&(h from end to end of a harvest field 
when agitated by the wind* , 

The intensity of light depends upon the amplitude or 
extent of the vibrations of the particles of ether ; while 
its cdlor depends upon the>r frequency* The time of 
the vibration of a particle of ether is by theory, as th^ 
length of a wave directly, and inversely as its vek>cify . 
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Now, as the YelocitT* of Ugltt is known to be '190, 000 
iniles in a fteeond, if the length of the waves of the dif- 
ferent colored rays coald be measured, the nnmber of 
▼itoitionB in u second oorresponding to each could be 
computed ; that has been accotnptished as foBows i — 
All transparent substances of a certain thickness, with 
parallel surfaces, reflect and transmit white light *, but 
If thej be' extremely thin, both the reflected and trans- 
mitted light is colored. The vivid hues on s^p-bubbles, 
the iridescent colors produced by he&t on polished steel 
«xid copper^ the fringes of color betwecfh the laminae (rf"^ 
-Icelflnd spariind sulphate of lithe, all consist of a suc- 
cession' of hues disposed in the same order, totally inde- 
pendimt of the ^olor of the substance, and determined 
Boiely by its greater or less thickness, a circumstance 
irludi aflbrds the means of ascertaining the length of 
tfae WBV9S of each colored ray, and thd frequency of the 
vibratioBs of the particles producing them. If a plate of 
^BM be hod upon a lens of almost imperceptible curra- 
tar^y before an open window ; when they are pressed to- 
gether a bkck spot will be seen in the point of contact, 
surrounded hy seven rings of vivid cokdts, all differing 
from «NM another (N. 194). ' In the first ring, estimated 
from the black spot, the cotors succeed each c^er in the 
following order :— black, ven^ faint blue, brilliant white, 
yirilow, orange, and red. ThOy are <)uite different in 
' the other rings, and in the seventh the only colors are 
j^ale bhiirii-green and very pale pink* That these rings 
ore fcrmed between the two surfaces in apparent con- 
tact may be proved by laying a prism on the lens, in- 
stead of the plate of glass, and viewing the rings throu^ 
the inclined side of it that is Uext to the eye, which ar- 
•nngemeot {prevents the Bght reflected from the uppet 
«uiliBkce misdng ^iththat from the surfaces in contact, so 
that the: intervals between the rings appear perfbctly 
hlaicd£,^rH>ne of the strongest cItcumstaQces in favor of 
the uaduUOiory theory i for although the phenomena of 
the rings can be explained by either hypothesis, there 
is^is material difference, that according to the undu- 
latory theory, ^e intervals between the rings ought to 
he absolutely black, which is confirmed by experiment ; 
.Whereas by the doctrine of emanation they ought to be 
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half illaminateclf which is not found to be the case. M. 
Fresnel, whose opinion is of the first authorhy, thought 
this test conclusive. It may therefore be concluded that 
the rings arise entirely from the interfereace of the 
rays : the Jight reflected from each of the snrfiices in 
apparent contact reaches the eye by paths of different 
lengths, and produces colored and dark rings alternately, 
according as the reflected waves coincide or destroy one 
another. The breadths of the rings are unequal ; they 
decrease in width, and the colors become more crowded, 
as they recede from the center. Colored rings are also 
produced by transmitting light through tiie same ap- 
paratus ; but the colors are less vivid, and are comple- 
mentary to those reflected, consequently the centivd spot 
is white. 

The size of the rings increases with the obliquity of 
the incident light ; the same color requiring a greater 
thickness or space between the glasses to- produce it than 
when the light falls perpendicularly upon them. Now 
if the apparatus be placed in homogeneous instead of 
white tight, the rings will all 4>e of the same cdlor with 
that of me light employed. That is to say, if the lig^t 
be red, the rings will be red divided by black iBtervab. 
The jsize of the rings varies with the color of the light. 
They are largest in red, and decrease in magnitude vnth 
the succeeding prismatic colors, being smallest in. violet 
light. 

Since one of the glasses is plane and the other spheri- 
cal, it is evident that from the point of coijitact^ the space 
between th^m gradually increases in thickness all rounds 
so that a certain thickneds of air corresponds to each 
color, which in the undulatory system measures the length 
of the wave producing it (N. 195). By actual measure- 
ment, Sir Isaac Newton &und that the squares of the di- 
ameters of the brightest part of each ring are as the oddx 
numbers, 1, 3, 5,. 7, &c. ; and that the squares of^the diam- . 
f^ters of the darkest parts are as the even numbers, 0, 2, 4, 
6, &c. Consequently the intervals between the glasses 
at these points are in the same proportion. If, then, 
the thickness of the air corresponding to any one color 
could be found, its thickness for all the others vi^ould be 
known. Now as Sir. Iss^ . Newton knew the radius of 
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cuiratare of the lens, and the optual breadth of the 
rings in parts of an inch, it was easy to compute that 
the thickness of air at the darkest part of the first ring 
is the go JflQ part of an inch, whence all the others have 
been deduced. As these intervals det6rmine the length 
o>f the waves on the un«hilatory hypothesis, it appears 
that the lengl^h of a wave of the extreme red of the 
solar spectrum is equal to the 00000266th piot of an 
inch ; mat the length of a wave of the extreme violet is 
equal to the 0*00001 67th part of an inch ; and as^ the 
time of a vibration of a particle of ether producing any 
particular color is directly as the length of a wave of that 
color, and inversely as the velocity of Ught, it folkiws 
ihBt the molecules of ether producing the extreme red 
of the solar spectrum perform 458 millions of millionB 
of vibrations in a second ; and that those producing the 
extreme violet accomplish 727 millions of millions of 
vibrations in the same time. The lengths of the waves 
of the intermediate colors, and the number of their 
vibi^tions, being intermediate between these two, white 
light, which consists of all the colors, is consequently 
a mixture of waves of all len^hs between the limits of 
tiie extreme red and violet. The determination of these 
minute portions of time and space, both of which have 

'a real enstence, being the actual results of measure- 
ment, do as much honor to the genius of Newton as 
that of the law of gravitation. 

The phenomenon of the colored .rings takes place in 

' vacito as well as in air ;. which proves, diat it is the dis- 
tance between the lenses alone, and not the air, which 
fm^duces the colors. However, if water or oil be put 
between them, the rings contract^.but no other change 
ensues; and Newton found that the thickness of diifer^ 
ent media at which a given tint is seen, is in the inverse 
Tatio (^ their refractive indices, so that the thickness of 
laminaei which could not otherwise be measured, may be 
kii6wn by their color ; and as the poaitiob of the colors 
in the rings is invariable, they form a fixed standard of 
comparison well known as Newton's scale of colors ; 
ea^h tint being estiniated according to the ring to which 
it belongs from the ceiitnd spot inclusively. Not only 
rhe periodical colors which have been described, but the 
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colors seen in thick plates of transparent subataAcea, ll)9t 
variable hues of feathers, of insects' wings,' mother of 
pearl, and of striated substances, all depend Upon the sane 
principle. To these may be added the colored fringes, 
surrounding the shadows of all bodies held in an ex- 
tremely snudl beam of light, and the colored riagi anr-^ 
rounding the small beam itself when received on a 
screen- 
. When a veiy slender sunbeam passing throagh a 
e{maU pin-hole mto a dark room is received on a white 
screen, or plate of ground glass, at the distance of a ^e 
more than six feet, the spot of light on the screen is 
larger than the pin-hole ; and instead of being bounded 
by shadow^ it is surrounded by a series of cokMred rmgs 
separated by obscure intervsds. The rings are more 
(jlstinct in proportion to the smallness of the beam (N« 
196). When the light is wl^te, there are seven rings, 
which dilute or contract with the distance of the screen 
6rom the hole. As the distance of the screen &min^ 
i^hes, the white central spot contracts to a point and 
vanishes ; and on approkiching still nearer, the rings 
gradually close m upon it, so ti^t the center, assumes 
successively the most intense and vivid hues* When 
the light is homogeneous, red, for example, the rings 
are alternately red and bhick, and more numerous : and 
their breadth varies with the color, being broadest in red 
light and narrowest in violet. The tints of the.oriored 
fringes from white light, ajid th^ir obliteration aiftor the 
seventh rinff, arise from the superposition of the differ- 
ent s^ts of fringes of all the colored rays. The sh^ows 
of objects are also bordered by colored fringes when 
held ii^ this slender beam of light. If. the edge of a 
knife or a hair, ^r example, be held in it, tlie rays, in- 
Stead of proceeding in straight lines past its edge, are 
kfiui when quite close to it, and proceed from thenee to 
^e screen in curved lines called hyperlx^aS ; so that the 
shadow of the object is enlarged ; and instead of heittg 
iat once bounded by light, is surrounded or edged with 
colored fringes alternating with black buoids, which are 
more distinct the smaller the pin-hole (N. 197). The 
fringes are altogether independent of the form or density 
df the object, being |h^ same when it is rooBd or pointed. 
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when of glaid or pktma. When the rays which form 
the fringes^ arrive at the aereen, they are of different 
lengths,' in consequence dT the cunred path they foUoW 
after passing the edge of the object. The waves ace 
therefore in difierent phases or states of vibration, and 
either conspire to fcnrm.eolix'ed frioges or destroy one 
another in the obscure . intervals. /Die colored fringes 
bordering the shadows oi objects were first described by 
(xrixpaldi in 1665s but besides these he noticed -that 
there are others within the shadows of slender bodies 
exposed to a small sanbeam, a phenomenon which has 
already been mentioned to have afforded Dir. Young Ihe^ 
measLS of proving beyond all controvei^sy, that ookred 
rings are. produced by the interference of lightr . 

It may be concluded, that material substances derive 
their colors from two different causes : some from the 
law of interference, such as iridescent metals, peacocks' 
feathers, &;c.; others from the unequal abeorptioti of 
the. rays of white light, such as vermifion, ultramarine, 
blue, or gre^i cloth,, flowers^ and the greater number of 
colored bodies. The latter phenomena have beep con- 
sidered extremely difficult to reconcile with the tindul^- 
tibry theory of light, and much cQscussion has arisen as 
tp what becomes of the absorbed rays. But that em- 
barrassing question has been abfy angered by Sir John 
Herschel in a most prc^und paper. On the Absorption 
of Light by colored Media, and cannot be better given 
than in his own words. It jnust however be premised, 
that as all transparent bodies are traversed by light, 
they are presimied to be permeable to isbe ether. . He 
says, ** Now, as regards only the general ihct of the ob- 
struction and uUdraate extinction of light in its passage 
through gross media, if we compare the eorpusciilar and 
modulatory theorjies, we dsaB find that the former ap- 
peals tO)Our ignorance, the latter to our knowledge, for 
its expiration of the absoiptive phenomena. In at- 
tempting to explain the extinctictt of li^t on the corpus- 
Qular doctrine, we have to account fbr the li^t so exlto- 
guished as a material body, which we must not suppose 
annihilated. It may however be transformed; and 
among the impond^gble agents, heat, electricity, to., 
it may be that we are to search for the light which has 
P 
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become thus comparatively stagnant. The heating 
power of the solar rays gives a primd fade plausibility 
to the' idea of the transformation of light into heat by 
absorption. But when we come to examine the matter 
tnore nearly, we find it encumbered on all sides with 
difficulties. How is it, for instance, that the most lu- 
minous rays are not the most calorific ; but that on the 
contrary, the calorific energy accompanies, in its great- 
est inten^ty, rays which posses$. comparatively feeble 
illuminating powers ? These and other questions of a 
similar nature may perhaps admit of answer in a more 
advanced state of our knowledge ; but at present there 
Is none obvious. It is not without reason, therefore, 
that the question. * What becomes of hght V which ap- 
pears to have been agitated among the photologists of 
the last century, has been regarded as one of consider- 
able importance as well as obscurity by the corpuscular 
philosophers. On the other hand, the answer to this 
question, afforded by the undulatory theory of light, is 
sunple and distinct. The question, ' What becomes of 
light V merges in the more general one, ^ What becomes 
of motion ? ' And the answer, on dynamical principles, 
is, that it continues forever. No motion is, strictly 
speaking, annihilated; btft it may be divided,, and the 
divided parts made to oppose and, in effect^ destroy one 
another. A body struck, however perfectly elastic, 
vibrates fo^ a time, and then appears to- sink into its 
original repose. But this apparent rest (even abstract- 
ing from the inquiry that part of the motion which may 
be conveyed away by the ambient air) is nothing else 
than a state of- subdivided and mutually destroying mo- 
^n, in which every molecule continues to be agitated 
by an indefinite multitude of internally reflected waves, 
propagated through it- in every possible direction, from 
every point m its surface on which they successively 
impinge. • The superposition of such waves wiU, it is 
easily seen, at length operate their' mutual destruction, 
which will be the more complete the more irregular the 
figure of the body, and the greater the dumber of inter- 
nal reflections." Thus Sir John Herschel, by referring 
the absorption of, light to the subdivision and mutuei 
destruction of the vibrations of ether iti the interior of 
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bodies, brings another class o€ phenomena under the 
Jaws of the undulatory theory. 

The ethereai medium pervading space is supposed to 
penetrate all material substances, occupying the inter- 
stices l^etween their molecules; but in the interior of 
refraiiting media it exists in a state of less elasticity 
compared with its density m vacuo; and the more 
refractiye the medium, the less the elasticity of the 
efeher within it. • Hence the waves of light are trans- 
-mitted with less velocity in such media as glass and 
water tlttm in the^extemal ether. As soon as a ray of 
li^bit reached the surface of a diaphanous rejecting sub- 
stance, for example a plate of glass, it communicates its 
undulations to the ether next in contact with the surface, 
which thus becomes a new center of motion, and-two 
heipispherical waves are propagated from each point of 
tills surface; one of which proceeds forward into the 
interior of the glass, with a less velocity than the inci- 
dent waves ; and the other is transmitted back into the 
air, with a velocity equal to that with which it came 
(N. 198). Thus when refracted, the light moves with 
a different velocity without and withioL the glass; when 
reflected, the ray comes and goed with the same ve- 
locity.- The particles of ether without the glass, which 
communicate their motions to the particles of the dense 
and less: elastic ether within it, are analogous to small 
elastic baUs striking large ones ; for some of die motion 
will be communicated to the large balls, and the small 
ones will be reflected. The first would cause the 
refracted wave ; and the Wt the reflected. Conversely, 
when the light passes from glass to- air, the action is 
similar to large balls striking small oi\es» The small 
balls receive a motion which would causo the refracted 
ray, and the part of the motion retained by the large 
ones would occasion the reflected wave ; so that when 
light passes through a plate of gla8$ or of any other 
mediuni differing in density from the air, there is a 
reflection at botS surfaces ;' but this difference exists' 
between the two reflections, that one is caused by a 
vibration in the isame direction with that of the incident 
ray, and the other by a vibration in the opposite direction. 

A single wave of air or ether would not produce the 
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•eBsation of Bound or light. In brder to excite t»mni^ 
the Tiforations of the molecules of ether must be regular^ 
periodical, and Very often repeated; and as the ear 
continues to be agitated £nr a short time after |be im- 
pulse by which alone s soand becomes continuoust so 
«lso the filHres of the retina,' according to M. d'Aroet^ 
continue to Tilnrate for about die eighth part of a tocoiid, 
after the esciting cause has ceased. Every one must 
have observed, when a strMig impression is made by a 
bright light, that an object remains visible for a short 
time after shutting the eyes, which is supposed to \M 
in consequence of the contintted vibrations of the fibres 
of ^e retina. Occasiotially the retana becomes ins«i« 
sible to feebly illuminate^ objects when continuon^ 
presented. If the eye b^ turned aside for a moment, 
the object becomes agftin visiUe. It is probably on this 
account that the owl ma^es so peculiar a motion wilil 
its head when looking at objects in the twilight. It is 
quite possible that many vibrations may be excited in 
ihe ethereal medium incapable of producing undulations 
in the fibres of the human retina, which yet have a 
powwful effect on those of other animals or of insects. 
Such may receive luminous impressions of which we 
are totally unconscious, and at the. same time they may 
be insensible to the li^t and colors whidi affect our 
ejea ; l^ir pereeptioDS beginmng where ours oudk 
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Polanasatiott of Light-^DefiMd— Poktizatioa br IUfractioBr>P)operti«s of 
the Tourmaline— Double Eefnction— All doubly Refracted light in 
Polarized—Prc^erties of Iceland Spar— Tourmaline absorbs one of tte 
two Refracted Bayt— Undulatiaaa of Natural Ligbt— UiidulBtimui of 
Polarized l^iffbt— The. Optic Axes of Crystakt-M. Framel's Diflooreries 
on the Ray« passing along the Optic Axis— Polahzation by Reflection. 

In giving a sketch of the ^oijstitutiou^ of light, it is 
impossible to omit the extraordinary property of its po- 
larization, "the phenomena <tf which," Sir John jEIer- 
schel says, /^ are so singular and various, that to one 
who has only studied the common branches of physical 
optics, it is Viko ontoring into a new world, so splendid 
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a^ to render it one of the most deli^tful bianclies of 
experimeatal inquiry, iwd so fertile in the views it lays 
open of Ito con^tution of nutnral bodies^ and the 
ztiinuter mechanism of the uniyerse, as to place it in the 
veiy first rank of the physico-majhematical sciences, 
which it laaaantains by the rigioroiis application of {^me- 
tzical reasoning its aatuie a&aats and reqotoes. 

JLiighlt is ssid 'to be polarized^ which, by being once 
reflected or relrscted, is rendered inoipable of being 
^gaifi Inflected or refracted at certain ai^es. In gene- 
rai, wjbeii a ray of light is reflected from a pane of plate- 
^^asa, >or fik&y oth^ ^substance, it may be reflected a 
aeconii time itonx another snr&ce, and it wiH aiso pass 
freely through transparent bodies. Bnt if a ray of light 
be xH^eoted feoiA'a pane of plate-giass at an angle of 
57^, 4t is rendered totally inciqiable of r^ection at the 
surface of another pane of g^ass in certain definite po- 
sitions, but it will be completely reflected by tlie second 
pane in other positions. It likewise loses the property 
of penetmdng taranspsrenft bodies in partacolar posltiona, 
while it is freely transmitted by them in others. Light 
so modified as to be incapable of reflection and trans- 
mission itk certain directions, is said to be. polarized. 
This name was originally adopted from an. imsgmary 
analogy in the arrangement of the particles of li^ on 
tlie oorpuacuktr doctrine ta the poles of a magnet, and i« 
still. retwjped in the undulatory theory. 

hi^3t may be polarized by reflection from any poUshed 
. aorfiice, and th6 same property is also imparted by re- 
fracticm. It is proposed to explain jthese methods of 
poluriaouQg li^it, to ^ve a short account of its most re^ 
markable properties, and to endeavor to describe a few 
of the Splendid phenomena it exhibits. 

If a brown tourmaline, whicli is a mineral ^eneiaUy 
erystalized in the form of a kmg prism, be cat longitn* 
dinaUy, tJmt is, paraUel to the axis of the prism, into 
plates about the . thirtieth of an inch in. thickness, and 
the surfaces polished, luminous object may be seen 
through them, as through plates of colored ^bus. The 
axis of each plate is in its longitudinal section parallel to 
the-iLxis of theprisiB whence it was cut (N. 199). If 
inoe of these plates be held perpendicularly between 
r2 
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the eye and a candle, and turned slowlj round in its 
own plane, no change will take place in the image of 
the candle. But if the plate be held in a fixed positie&, 
with its axis or longitudinal section vertical, when a 
second plate of tourmaline is interposed between it and 
the eye, parallel to the first, and turned slowly round in 
its own plane, a remarkable, change Will be found to 
have taken place in the nature of the light* For the 
image of the candle will vanish and appear filtemately 
at every quarter revolution of the plate, varying throu^ 
all degrees of brightness down to total, or almost total 
evanescence, and then increasing again by the same de- 
grees as it had before decreased. These changes de- 
pend upon the relative positions of the plates. When 
the longitudinal sections of the two plates are parallel, 
the brightness of the image is at its maximum^ and 
when the axes of the sections cross at right angles, the 
image of the candle vanishes. Thus the light, in pass- 
ing durough the first plate of tourmaline, has acquired a 
property totaUy different from the direct light of the 
candle. The direct light would have penetrated the 
second plate equally well in all directions, whereas the 
refracted ray vnil only pass through it in particular po- 
sitions, and is altogetlier incapable of peneiarating it in 
others. The refracted .ray is polarized in its passage 
through the first tourmaline, and experience showB tlut 
it never loses that property, Unless, when acted, upon by 
a new substance. Thus, oj\e of the properties of po- 
larized light is the incapability of passing through a plate 
of tourmaline perpendicular to it, in certain positions, 
and its ready transmission in other positions at right 
angles to the former. 

Many other substances have the property of polar- 
izing light. If a ray of light falls upon a transparent 
medium, which has tiie same temperature, densi^, and 
structure throughout every part, as fluids, gases, glass, 
&c., and a few regularly crystalized minerals, it is re- 
fracted into a single pencil of light by the Jaws of ordi- 
nary refraction, according to which the ray, passing 
through the refracting surface from the object to the 
eye, never quits a plane perpendicular to that surface. 
Almost all other bodies, such as the grei^i^ number of 
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erystaKzed miiierals, animai iad vegetable Bubstancea* 
gums, resins, jellies, and all solid bodies having unequal 
tensions, whether from unequal temperature or pres- 
sure, possess the property of doubKng the image or ap^ 
pearance of an object seen through them in certain 
directions. Because a ray of natural light falling upon 
iJiem is refracted into two penciJs, which move with dif- 
ferent velocities, and are more or less separated, accord- 
ing to the nature of the body and the directi(m of the 
incident ray. Whenever a ray of natural light is thus 
divided into ^o pencils in its, passage through a sub- 
jstance, both of the>transmitted rays are polarized. Ice- 
land spar,^ a carbonate of lime, which by its natural 
cleavage may be split into the form of a rliombohedron, 
possesses' the property of double refraction in an emi- 
nent degree, as may be «een by pasting a piece of paper 
with a large pin-hole in it, on the side of the spar far- 
s thest from the eye. The hole will appear double when 
held to 4he light (N. 200). One of these pendls is re- 
frtLcted according to the same law as in. glass or water, 
never quitting the plane perpendicular to the refrncting 
surface^ and is therefore called the ordinary ray. But 
the other does quit the plane, being refracted according 
to a different and much more ct>mplicated law, and on 
tliat account is called the extraordinary jray. For the 
same reason one image is called the ore^inary, and the 
other the extraordinary image.^ When the spar is turned 
round in the same plane, the extraordinary image of die 
hole revolves about the ordinary image which remains 
fixed, both being equally bright. But if the spar b^ kept 
in one position and viewed through a plate of tourma- 
line, it will be found that as the tourmaline revolves, the 
images vary in their relative brightness— one increases 
in intensity till it arrives at a maximum, at the same 
time that me other diminishes till it vanishes, and so on 
alternately at each quarter revolution, proving both rays 
to be polarized.' For in one position the tourmaline 
transmits the ordinary ray, and reflects the extraordi- 
nary; and after revolving 90°, the extraordinaiy ray is 
transmitted, and the ordinary ray is reflected. Thus 
anether property of polarized light is,jthat it cannot be 
divided into two equal pencils by double refraction, in 
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fowta/mM of the doubly refracling bodiiM in which a ray 

of commoa tight would be «o divided. 

Were tourmaline like other doubly refiracling bodies, 
each of the tzansmltted rays would be double ; but that 
mineral when of a certain thickness, after separating the 
light into two polarised pencils, absorbs that which un< 
dergoes ordinary refraction, and * consequently shows 
only one image of an object On this account, tourmsr 
line is peculiarly fitted for analyzing polarized light, 
which shows nothing remarkable till viewed through it 
or something equivalent. 

The pencils of light, on leaving a double refiracting 
eubstance^ are parallel ; and it is clear from the prece- 
ding experiments, that Ihey are polarized in planes at 
right angles to each other (N. 201). But that will be 
better understood by considering toe chaise produced 
in common light by the action of the polarizing body. It 
has been shown that the undulations of ether, which 
produce the sensation of conunon li^ht, are performed 
in eveiy possible plane, at right an^s to the direction 
in which the ray is moving. But uie case is veiy dif« 
ferent after the ray has passed through a doubly refract- 
ing substance, like Iceland spar. The light then pro- 
ceeds in two parallel pencils, whose undulations are still 
indeed transverse to the direction of the rays, but they 
are aocomidished in planes at right angles to one an- 
other,, analogous to two parallel stretcHed cords, one of 
which performs its undulations .only in a horizontal 
plane, and the other in a vertical or upright plane (N. 
201). Thus the polarizing action of Icehind spar and 
of all doubly refracting sul^tances is, to separate a ray 
of common light, whose waves or unduktkms are in 
every plane, into two parallel rays, whose waves or iin- 
dulations lie in planes at right angles to each other. The 
ray of common light may be assimilated to a round rod, 
whereas the two polarized ntys are like two parallel 
k)n^ flat rulers, one of which is laid horizontally on its 
broad surface, and tiie other horizontally on its edge. 
The alternate transmission and obstruction of one of 
these flattened beams by the tourmaline is similar to the 
facility with which a card may be passed between the 
bars of a grating or wires of a cage, if presented edge- 
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ways, and Iftie impossibility of its passing in a transverse 
direction. 

Although it generally happens that a ray of tight, in 
passing through Iceland spar, is separated into two po- 
larized rays, yet there is one direction along which it is 
refracted in one ray only,^and that according to the or- 
dinary law. This direction is called the optic axis 
(N. 202^. Many crystals and oth^r substances have 
two' optic axes, inclined to "each other, along which a 
ray of light is transmitted in one pencil by 3ie law of 
ordinary refraction. The extraordinary ray is some- 
times refracted toward the optic axis, as in quartz, zir- 
con, ice, &c., which 'are therefore said to be positive 
crystals ; but when it is bent from the optic axis, as in 
Iceland spar,, tourmaline, emerald, beryl, &c., the crys- 
tals are negative, which is the most numerous class. 
The ordinary ray moves with uniform velocity within a 
doubly rejfracting substance, but the velocity of the ex- 
traordinary ray varies with the position of the ray rela- 
tively to the optic axis, being a maximum when its mo- 
tion Ivithin the crystal is at right angles to the optic axis, 
and a minimum when parallel to it. Between these ex- 
tremes its velocity varies according to a determinate law. 

It has been inferred from the action of Iceland spar 
on light, that in all doubly refracting substances, one only 
of two rays is turned aside from me plane of ordinary 
refr-action, while the other follows the ordinary law ; and 
the great difficulty of observing the phenomena tended 
to confirm that opinion. M. Fresnel, however, proved 
by a most profound mathematical inquiry, d priori, that 
the extraordinary ray must be wanting in glass and other 
uncrystalized substances, and that it must necessarily 
exist in carbonate of lime, quartz, and other bodies hav- 
ing one optic axis, but that in a numerous class of sub- 
stances which possess two optic axes, both rays must 
undergo extraordinary refraction, and consequently that 
both must deviate .from their original plane, and these 
results have been perfectly confirmed by. subsequent 
experiments. This theory of refraction, which for gen- 
eralization is perhaps only inferior to the law of gravita- 
tion, has enrolled the niLme of Fresnel among those 
which pass not away, and makes his early loss a subject 



d by Google 



17B POtARlj;«?nQN BY PLATES OP GLASS. Ssct. XXL 

of deep cegpet to «U wlw) take an interest in the Ingher 
patb&of scientific research. ^ 

When a beam of comineB lig^t is partly reflected at, 
and partly transmitted through, a transparent surface, 
the reflected asd refracted pencils contain equal quanti- 
ties of polarized light, and their planes of polarization 
are at right angles to on0 another : hence a pile of panes 
of glass wiU g^Ye a polarized beam by refraction. For if 
a ray of common light pass through them, part of it 
will be polarized by ^e first {date, die second plate will 
polarize, a part of wimA passes llirough it, and the rest 
wUl do the same in succession, till the whole beam is 
pcuarized, except wiiat Is lost by reflection at the ^- 
ferent surges, or by absorption. This beam is polar- 
ized in a plane at right angles to the plane of reflection, 
that is> at right ang^ to Sie plane passing through the 
incident and reflected tray (N. 203). 

By far the most convenient way of polarizing light is 
by retlection. A plane pf plata-glass laid upon a piece 
of black cloth, on a. table at an open window, will appear 
of a uniform brighthess from the reflection of the sky 
or clouds. But if it be viewed through a plate of tour- 
maline, having it«i axis vertical, instead of being illumi- 
nated as before, it wiS be obscured by a large cloudy 
spot, hanng its center qtut^ dark, which will readily be 
found by elevating or depressing the eye, and will only 
be visible when the angle of incidence is 57°, that is, 
when the line from the eye to the Renter of the black 
spot makes an angle of 33° with the surfaqe of tiie re- 
flector (N. 30i). When the tourmaline is turped round 
in its own plane, the <}ark cloud will diminish, and en;- 
turefy' vanish when the axis oi the tpurmaline is horizon- 
tal, and then every part of the si|r£ace of the gkss wiU 
< be equally illununated. As the tourmaline revolves, tii^ 
cloudy sfaot will appear and vanish alternately at every 
quarter revolution. Thus, when a ray of light is inci- 
dent oh a pane of plate-glass at an angle of 67°, the re- 
flected ray is rendered incapable of peaetarating a plate 
of tourmaline, whose axis is in the plane of incidence. 
Consequent^ it has. acquijred the same character as if 
it had been polarized by transmission through a plate * 
of tourmaline, with its axis at right apgljes to the plaQe 
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-of reflection^ It is found fay experioDce that tliis poiar- 
ized raj is incapable of a second reflection at certain 
angles and in certam positions of the incident plane. 
For if another pane of plate-glass having one surface 
blackened, be so ]^ced as to make an angle of 33^ with 
the reflected ray, the image of the first pane will be re- 
flected in its surface, and will be alternately illuminated 
and obscured at every quarter revolution of the black- 
ened pane, accordiog as ike plane of reflection is parallel 
or perpendicular to the plane 4>f polarization. Since 
this happens by whatever means the light has been 
polarized, it evinces another general property of polar- 
ized light, which is, that it is incapable of reflection in a 
plane at right angles to the plane of polarizaticm. 

All reflecting surfaces are capable of pdarizing light, 
but the angle of incidence at which it is completeW* 
polarized is diflerent in each substance (N. 205). It 
-appears that the angle for plate-glass is 67° ; in crown- 
glass it is 56° 55', and no ray will be completely polar^ 
ized by water, unless the angle of incidence be 53° 11'. 
The angles at which diflerent substances polarize light 
are determined by a very simple and elegant law, Ss- 
covered by Sir David Brewster, *^ That the tangent of 
the polarizing angle for any medium is equal to the sine 
of the angle of incidence divided by the sine of the angle 
of refraction of that medium.'' Whence also the re- 
fractive power even of an opaque body is known when 
its polarizing angle has beenwdetermined. 

Metallic, substances, and such as are of high refractive 
powers, like the diamond, polarize imperfect^. 

If a ray polarized by refraction or by reflection from 
any substance not metallic, be viewed thorough a piece 
of Iceland spar, each image vnll alternately vanish and 
reappear at every quarter revolution of the spar, whether 
it revolves from ri^t to left, or from left to right ; which 
shows that the properties of the polarized ray are sym- 
metrical on each side ai the plane of polarization. 

Although there be only one ang^ in each substance 
at which tight is completely polarized by one reflection, 
yet it may be polarized at any ai^le of incidence by a 
sufficient number of reflections. < For if a ray falls upon 
the upper surface of a pile of plates of glass at an ang^ 



d by Google 



180 COLORED iMAGEd. SfecT. XXH. 

greater or less than « polarizing angle, a part only of 
the reflected ray will be polarized, but a part of what is 
transmitted will be polarized by reflection at the sur- 
face of the second plate, part at the third, and so on till 
the whole is poralized. This is the best apparatus ; but 
one plate of >^ass ha^ng its inferior surface blackened, 
or even a pc^^ed table, will answer die purpose. 



Section XXII. 

Phenomeos exhibited by the passafi^e of Polarized Light through Mica and 
Sulphate of Liine— The Colored Images produced hy Polarized Light 
passing through Crjrstals having one and two Optic Axes — Circvdar 
Polarization— Elliptical Polarization— Discoveries of MM. Biot, Fresnel, 
and Professor Airy — C<rfored Lnages produced by the biterference of 
Pidarixed Rays. 

Such is the nature of polarized light and of the laws 
it follows. But it is hardly possible to convey an idea of 
the splendor of the phenomena it exhibits under circum- 
stances which an attempt wiH now be made to describe. 

If light polarized by reflection from a pane of glass be 
viewed through a plate of tounnaline, vnth its longitudi- 
nal section vertical, an obscure cloud, with its center 
tota% dark, will be seen on the glass. Now let a plate 
of mica, uniformly about the thirtieth of aninch in thick- 
ness, be interposed between the tourmaline and the 
glass ; the dark spot will instantly vanish, and instead of 
it, a succession of the most gorgeous colors will appear^^ 
varying with every inclinatiou of tiie mica, from the 
richest reds, to the most vivid greens, blues, and purples 
(N. 206). That they may be seen in perfection, the 
mica must revolve at right angles to its own plane. 
When the inica is turned round in a plane perpendicu- 
lar to the polarized ray, it will be found that there are 
two lines in it where the colors entirely vanish. These 
are the optic axes of the mica, which is a doubly refract- 
ing substance, with two optic axes, idong which light is 
refracted in one pencil. 

No colors are visible in the mica, whatever its position 
may be with regard to the polarized lights without the 
aid of the tourmaline, which separates the transmitted 
ray into two pencils of colored light complementary to 
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one another, that is, which taken together wonkl make 
white light. One of these it absorbs, aad transmits the 
other; it is therefore called the analyzing plate. The 
truth of this will i^pear more readily, if a film of sul- 
phate of lime between the twentieth and sixtieth of an 
inch thick be jised instead of the mica. When the film 
is of uniform thickness, only one cobr will be seen when 
it is placed between the analyzing plate and the reflect- 
ing glass ; as, for example, red. But when the tourma- 
line roYolves, the red will vanish by degrees till the film 
is colorless ; then it will assume a green hue, which 
will increase and arrive at its maximum when the tour- 
maline has turned through ninety degrees ; after that 
the green will vanish and the red will reappear, alter- 
nating at each quadrant. Thus the tounnaline separ- 
ates the light wnich has passed through the film iijito a 
red and a green pencil ; in one position it absorbs the 
gteen and let^ the red pass, and in another it absorbs 
tiie red and transmits die green. This is proved by 
analyzing the ray With Iceland spar instead of tourmaline ; 
for since the spar does not absorb the light, two images 
of the sulphate of Hme will be seen, one red and the 
other green, and these exchange colors every quarter 
revolution of the spar, the red becoming green, and the 
greeii red-; and where the images overlap, the color is 
white, proving the red and green to be complementaiy 
to each other. The tint depends on the thickness of 
the film. Films of sulphate of lime, the 0*00124 and 
0*01818 of an inch respectively, give white light in what- 
ever position they may be held, provided they be per- 
pendicular to the polarized ray ; but films of interme- 
diate thiokhess will ^ve all colors. Consequently, a 
wedge of sulphate of lime, varying in thickness between 
the 0*00124 and the 0*01818 of an inch, will appear to 
be striped with all colors when polarized light is trans- 
mitted through it. A change in the inclination of the 
film, whether of mica or sidphate of lime, is evidently 
equivalent to a variation in thickness. 

When a plate of mica, held as ck>se to the eyes as 
possible at such an inclination as to transmit the polar- 
ized ray ^along one of its optic axes, is viewed through the 
tourmaline with, its axis vertical, a most splendid appear- 
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Hnte is presented. The cloiidy spot in the dh'ection of 
die optic 8X16 is seen surrounded by a set of vividly 
ookMred rings of an oval form, divided into two unequal 
parts by a blaek curved band passing through the cloudy 
spot about which the rings are formed. The other optic 
axis of the mica exhibits a similar image (N. fM7). 

When the two optic i^es of a crystal make a smaO 
angle with one another, as in nitre, the two sets of rings 
touoh externally ; and if the plate of nitre be turned rouni 
in its own plane, the black transverse bands undergo 
a variety of changes, till at last t^e whole richly colored 
image assumes the form of the figure 8, traversed by a 
black cross (N. 208). Substances witli one optic axis 
have but one set of colored circular rings, with a broad 
black cross passing through its center, dividing the rings 
mto four equal parts. When the analyzings plate re- 
vives, this figure recurs at every quarter revblutipn ; 
but in the intermediate positions it assumes the com- 
plementary colors, the black cross becoming white. 

It is in vain to attempt to describe the beautiful phe- 
nomena exhibited by innumerable bodies, which undergo 
periodic changes in form and color when the analyzing 
plate revolves, but not one of them shows a trace q? 
ci^r without the aid of tourmaline or something equiv- 
alent to analyze the light, and as it were -to call tliese 
beautiful phantoms into existence. Tourmaline has the 
disadvantage of being itself a colored substance ; but 
that inconvenience may be obviated by employmg a re- 
flecting surface as an analyzing plate. When polarized 
hght is reflected by a plate of glass at the polarizing 
angle, it will be separated into two colored pencils; and 
when the analyzing plate is turned round in its own 
plane, it vvill alternately reflect each ray at every quar- 
ter revolution, so that all the phenomena that have been 
described will be seen by reflection on its spfface. 

Colored rings are produced by analyzing polarized 
light transmitted through glass melted and suddenly or 
unequally cooled; also through thin plates of glass 
bent with the hand, jelly indurated or compressed, &c. 
&c. In Bhort, all the |]iienomena of colored rings may 
be produced, either permanently or transiently, in a 
variety of substances, by heat and cold, rapid cooling. 
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compression, dilatation, and induiaticni; and so liftlla 
apparatus is necessary for perfi>rming the ctxperimentB, 
that, as Sir John Hersdiel says, a piece of window*- 
glass or a polished table to polarize the h^at, a sheet o£ 
clear ice to produce the rings, and a broken fragment 
of plate-tglass placed near the eye to analyze the light,, 
are alone requisite to produce one of the most sj^emdid 
of optical exhibitions. 

It has been observed, that Allien a ray of li^it, 
polarized by reflection from any i^jirface not metallic, is 
analyzed by a douUy refracting substance, it exhibits 
properties wfiieh are syminetriiMkl botli ^ t^e right and 
left of the plane of reflection, tind the ray is then said 
to be polarized according to that plane. This symmetry 
is not dest^yed when the rjty, before being analyzed, 
traverses ^e optic axis of a crystal having but one 
optic axis, as evidently appears from the circular forms 
of the colored rings already described. Regularly crys- 
talized quartz, however, forms an exception. In it,, 
even though the rays should pass through the optio 
axis^ itself, where there^ is no double refraction, the 
primitive symmetry of the ray is destroyed, and the 
plane of pnn^itive polarkation deviates either to the 
right or left of the observer, by an a^igle^ proportional 
to the thickness of the plate of quartz. This angular 
motion, or troe rotation of the plane of polarization^ 
wiiich is called circulikr poforization, is clearly proved by 
the phenomena. The colored rings prodticed by all 
crystels haring but one optic axis are circular, and 
traversed by a blaek cross concentric with the rings; so 
that the light entirely vanishes throughout the space 
inclosed by the interior ring, because tlrere is neither 
double refraction nor polarization along the optic axis. 
But in the system or rings produced by a plate of 
quartz, whose surfaces are perpendicular to the axis of 
the crystal, the part within the interior ring, instead of 
being void of light,, is occupied by a uniform tint of red, 
green, or blae, according to the thickness of the plate 
(N. 1S0&). ^tippose the plate of quairtz to be ^ of an 
inch thick, which will give the red tint to the space 
^within the interior ring; when the analyzing plate is 
turned in its own plane through an angle of 17 j°, the 
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red hne vanishes. If a plate of rock crystal ^^ of an 
inch thick be used, the analyzing plate must revolve 
through 35® before the red tint vanishes, and so on; 
every additionid 25th of an inch in thickness requiring 
an additional rotation of 17^° ; whence it is numifest 
that the plane of polariaation revolves in, the direction 
of a spiral within th^ rock crystal. It is remarkable 
that in some ciystals of quartz, the plane of polarization 
revolves from right ta left, and in others from left to 
right, althou^ the ciystals themselves differ aj^nrently 
o^y by a very slight, almost imperceptible variety in 
form. In these phenomena, the rotation to the right is 
accomplished according to the same laws, and with the 
same energy, as that to the left. But if two plates of 
quartz be interposed which possess different affections, 
die second plate imdoes, either wholly or partly, the 
rotatory motion which the first had produced, according 
as the plates are of equal or unequal thickness. When 
the plates are of unequal thickness, the deviation is in 
the direction of the strongest, and exactly the same 
with that which a third i&te would produce equal in 
thickness to the difference of the two. 

M. Biot has discovered the same properties in a 
variety of liquids. Oil of turpentine, and an essential 
oil of laurel, cause the plane of polarization to turn to 
the left, vi^ereas the syrup of sugar-cane, and a solu- 
tion of natural camphor by akohc^ turn it to the right 
A compensation is effected by the superposition or 
mixture of two liquids which possess tiiese c^posite 
properties, provided no chemical action takes place. A 
remarkable difference was also observed by M. Biot 
between the action of the particles of the same sub- 
stances when in a liquid or solid state. The syrap of 
grapes, for example, turns the plane of polarization to 
we left as long as it remains liquid ; but as soon as it 
acquires the solid forni of sugar, it causes the plane of 
polarization to revolve toward the right, a properly 
which it retains even when again dissolved. Instances 
occur also in which these circumstances are reversed. 

A ray of light passing through a liquid possessing the 
power of circular polarization is not affected by mixing 
otbei' Huids with the liquid-^^uoh as wator, ether, alco^ 
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hol, &c.^— -"which do not possess circular polarization 
themselves, the angle of deviation remaining exactly the 
same as before the mixture. Whence M. Biot infers 
that the action exercised hy the liquids in qnestion 
does not depend upon their mass, but that it is a mole- 
cular action exercised by the ultimate particles of mat- 
ter, which depends solely upon the individual constitu- 
tion, and is entirely independent of the positions and 
mutual distances of the particles with regard to each 
other. These important discoveries show, that circular 
polarization surpasses the power of chemical anplysis io 
giving certain and direct evidence of the simikirity or 
difference existing in the molecular constitution of bodies^ 
as well as of the permanency of that constitution, or of 
the fluctuations to which it may be liable. For example^ 
no chemical difference has been discovered between 
syrup from the sugar-cane and syrup from grapes. - Yet 
the first causes the plane of polarization to revolve to 
the right, and the other to the left ; therefore some es- 
seutial difference must exist in the nature of their ulti- 
mate molecules. The «ame difference is to be traced 
between the juices of such plants as give sUgar similar 
to that from the cane, and those which give sugar like 
that obtained from grapes. This eminent philosopher 
is now engaged in a series of experiments on the pro- 
gressive changes in tbe sap of vegetables at different 
distances irom their roots, and on the products that are 
formed at the various epochs of vegetation, from their 
action on polarized light. 

It is a fact established by M. Biot, that in circular 
polarization, the laws of rotation followed by the differ- 
ent simple rays of Hfght are dissimilar in different sub- 
stances. Whence he infers that the deviation of the 
simple rays from one anotisier ought not to result from 
a special property -of the luminous principle only, but 
that the proper action of the molecules must also concur 
in modifying the deviations of the simple rays differently 
in different substances. 

One of the many brilliant discoveries of M. Fresne 

is the production of circular an4 elliptical polarization by 

the internal reflection of light from plate glass. He has 

shown that if light polarized by any of the usual methods 

q2 
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be twice reflected within a glass rhomb (N. 1 66) of a given 
form, the yibrations of the ether that ore perpendicular 
to the i^ane of incidence will be retarded a quarter of a 
vibration, which causes the vibrating particles to describe 
circles, and the succession of such vibrating particles 
thiou^iottt the extent of a wave to fonu atoosetfaer a 
circutar helix, or curve like a corkscrew. . However, 
that only happens when the plane of polarization Is 
inclined at an an^e of 45® te the {rfane of incidence. 
When these two j^anes form an augle either greater 
or less, the succession of vibrating particles forms an 
ellipticiil helix, which curve may be represented by 
twisting a thread in a spiral about an oval rod^ These 
curves will turn to the right or> left, according to the 
position of the incident plane. ' 

The motion of the ethereal medium in elliptical and 
circular polarization may be represented by the analogy 
of a stretched cord ; for if the extremity oSr.sach a cord 
be agitated at equal and regular, intervals by a vibratory 
motion entirely confined to one plane, the cord will be 
thrown into an undulating curve fying wholly in thafr 
plane. If to this motion Siere be superadded another 
similar and equal, but perpendicular to the first, tiie 
cord will assume the form of an elliptical helix ; 4tB ex- 
tremity will describe. an ellipse, and ewery molecule 
throughout its length wUl successively do the same. But 
if the second system of vibrations commence exactly a 
quarter of an undulation later than the first, the cord will 
take the form of a circular helix or eoric-screw ; tha- 
extremity ^iU move uniformly in a circle, and every 
molecule throughout the cord will do the same in suc- 
cession. It appears, therefore, that both larcular and 
elliptical polanzation may be produced, by the compo- 
sition of die motions of two rays in which the> particles 
of ether vibrate in.planes ai right angles to one another. 

Professor A.iry, in a very -profound and able paper 
published in the Cambridge Transactions, has proved 
that all the different kinds of polarized light are obtained 
from rock crystal. When polarized light is transmitted 
through the axis of a oiystal of quartz, in the emergent 
ray the particles of ether move in a circulaj: hefix; and 
when it is transmitted obUquely so as to form an angle 
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with the axis of the prism, the particles of ether move 
in an elliptioal hela, the^ellipticity increasing wkh the 
QhUqnity of th6 incident ray ; so that, when tl^ ineident 
ray fa^ perpendicularly to the axis, the particles of 
etib^r move in a strai^t hue. Thus quartz exhibits 
eyeiy Variely of elliptical polarization, even including 
tibe extreme cases where the eccentricity is zero, or 
equal to the greater axis of the ellipse (N. 21 0\. In 
mAay, ciystals the two rays are so little separateo, diaf 
it is only from the natiB;e of the transmuted light that 
they are known to have die property of double refrac- 
tion. M. Fresnel discovered by experiments on die 
properties of light passing throngh Ihe axis of quartz, 
that it consists of two superposed, rays, moving with 
4i£ferent velocities ; and Proftosor Airy has shown, that 
IB these two rays, the molecules of edier vibrate in 
-Bunilar eUipses a£ right angles to each other, but in dif-> 
lerent directions; that their eHiptieity varies with the 
angle which the incident ray makes with, the axisi; and 
that, by the o(niq)osition of their motionsv they produce 
all the phenomena of polarized light observed in quartz. 

It appears from what has been said, that the mole-> 
oules of edier alw^ays perform their vibrations at right 
angles to the direction of the ray, but very difiiarently in 
tiie various kinds of hght. In natural light the vibrations 
Qjre rectilinear, and in eveiy plane. In ordinaiy pokur- 
^ed light they are rectilinear, but confined to one plane ; 
yn circukkr polarization the vibrations are circular ; and 
in elliptical polarization the molecules vibrate in ellipses. 
These vibrations are communicated from molecule to 
molecule, in straight tines when they are rectiUnear, in 
a cireuiar helix when they are circular, and in an ovai 
or elUptical. helix when emptical. 

Some fluids possess^ the property of circular, polar- 
ization, as oil of turpentine ; and eUiptical polarization, 
Qr something similar, seems to be produced by reflection 
from metalBe surfaces. 

The colored images from polarized light arise from 
t^e interference of the rays (N. 211). MM. Fresnel 
and Arago found that two rays of polarized light inter- 
fere and luwluce colored fringes if they be polarized in 
th^ same plane,, but that they do not interfere* when 
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polarized in different planes. In all intermediate posi- 
tions, fringes of intermediate bri^tness are produced. 
The analogy cf a stretched cord will shew how tbk 
happens. Suppose the cord to be moved backward and 
forward horizontally at equal intervals ; it will be thrown 
into an nndnlating curve lying all in one plane. If to 
this n&otion there be stiperadded another similar and 
equal, commencing exactty half an undulation later than 
the first, it is evident that the dh-ect motion every mole- 
cule will assume, in consequence of the first system of 
waves, will at every instant be exactly neutralized by 
the retrograde motion it would take in virtue of the 
second; and die cord itself will be quiescent in conse- 
quence of the interference. But if the s^ond system 
of waves be in a plane perpendicular to the first, the 
effect would only be to twist the rope, so that na inters 
ference would take place. Rays polarized at right an- 
gles to each other may subsequently be brought into the 
same plane without acquiring the property m produciii^ 
colored fringes ; but if they belong to a pencil the whole 
of which was originally polarized in the same plane, they 
will interfere. 

The manner in which the colored images are formed 
may be conceived, by considering that when polarized 
light passes through die optic axis of a doubly refracting 
substance, — as mica, for example, — it is divided into two 
pencils by tiie analyzings tourmaline ; and as one ray is 
absorbed there can be no interference. But when 
polarized light passes throu^ the mica in any other 
direction, it is separated into two white rays, and these 
are agun divided into four pencils by the tourmaline, 
which absorbs two of them ; and the other two, being 
transmitted in the same plane with different velocities, 
intorfei'e and produce the colored phenomena. If the 
analysb be made with Iceland spar, the single ray paae- 
ing through the optic axis of the mica wiH be refracted 
into two rays polarized in different planes, and no in- 
terference will happen. But when two rays are trans- 
mitted by the mica, they will be separated into four by 
the spar, two of which will interfere to form one image, 
and the other two, by their interference, will produoe 
the complementary colors of the other image, when the 
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«par has revolved through 90° ; because, in such posi- 
tions of the 8{rar as prepuce the colored images, only 
two rays are visible at a time, the other two being re- 
flected. When the analysis is accomplished by reflec- 
tion, if two rays are transmitted by the mica, they are 
polarized in planes at right angles to each t)tlier. And 
if the plane of reflection of either of these rays be at 
right angles to the plane of polarization, only one of 
them will be reflected, and tlierefore no interference 
can take place ; but in afl other positions of the analy- 
zing plate both rays wiU be reflected in the same plane, 
and consequently will produce colored rings by^ their 
interference. 

It is evident that a great deal of the light we see must 
be polarized, sinoe most bodies which have the power 
of reflecting- or refracting light also have the power of 
polarizing it. The blue light of the sky is completely 
polarized at an angle of 74° frpn^i the €fun in a plane 
passing through his center. 

A constellation of talent almost unrivaled at any 
period in the history of science, has contributed to the 
theory of polarization, though th^e original discovery of 
that property, of hght was accidentalr and arose from an 
occurrence which like thousands of others would have 
passed unnoticed, had it not happened to. one of those 
rare minds capabfe of drawing the most important in- 
ferences from circumstances apparently trifling. In 
I8O84 while M. Mains was accidently viewing with a 
doubly-refracting prism a brilliant sunset reflected from 
the windows of die Luxembourg palace in. Pari«^ on 
turning the prism slowly round, he was surprised to 
see a very great difference in the intensity of the two 
images, die most refracted alternately changing from 
brightness to obscurity at each quadrant of revolution. 
A phenomenon so unlocked for induced him to investi- 
gate its cause, whence .sprung one of the most elegant 
and refined branches of physi^ optics. 
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Section XXIII. 

Objections to the Undalatory Theoiy, from a Diflerenoe iSx the Action of 
$ou^ and Light under the same dreamstaiioes, removed — The Diaper* 
sioB of Light according to the Usdokitoiy Theory. 

The numerous pheoomeiia of periodical colors urifling 
from the mterfereince of Mght, wfaidi do not adoait <h 
satisfadoiy ezplanatkni on any other princ^le thaii the 
unduktory tibeoiy, are the strongest arguntents in &Tor 
of that hypothesis ; and even oiuses wl|ich at one time 
seemed un&vorable to that doctrine have proved apon 
investigation to piticeed from it alone. Such is the er- 
roneous objection which has been made, in consequence 
of a difference in the mode of action of light and sonndf 
under the same circumstances, in one particular in- 
stance. When a ray of light from a InmiabuB point, 
and a diverging sound, are both transmitted through a 
very small hole into a dark room, the Ircht goes straight 
forward and illuminates a small spot on £e opposite ynJi^ 
leaving the rest in dariiness ; whereas the sound on en- 
tering diverges in all directions, and, is heard in eveiy 
part of the room. These phenomena, however, instead 
of' being at variance with the undulatmry theory, aie 
direct consequences of it, arising from the very grdat 
diiference between the magnitude of the undulations <tf 
0oun4 and those of light. The unduktiens of iight are 
incomparably 1es»>than the minute aperture, while those 
of sound are much greater. Therefore when light di- 
verging from a luminous point enters the hole, the rays 
round its edges are oblique, and consequently of different 
lengths, whUe those in the center are direct, and ne«i;^ 
or altogether of the same lengths. So thiM; the small 
undulations between the center and the edges are in 
difi^tent phases, that is^ in different states of undak- 
tion. Therefore the greater number of «hem interfere^ 
and -by destroying onei another produce darkness all 
ai'ound the edges of the aperture ; whereas tlie central 
rays having the same phases, combine, and produce a 
spot of bright light on a wall or screen directly opposite 
the hole. The waves bf air producing sound, on' the 
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contrary, being very large compared with the hole, da 
not sensibly diverge in passing through it, and are there- 
fore all^so nearly of the same length, and consequentjly 
in the same phase, or state of undulation, that nohe ii 
them interfere suf&ciently to destroy- one another. 
Hence all the particles of air in the room are, set into a 
state of ▼ibration, so that, the intensity of the sound is 
▼ery nearly eveipnrhere the $ame. Strong as the pre- 
ceding cases ma^%e, the following experiment made by 
M. Arago about twenty years ago seems to be decisive 
in &yor of the undulatory doctrine. Suppose a piano* 
convex lens of very grcrait radius to be placed upon a 
plate of very hi^y pdished metal. When a xay of 
polarized light fafis.upon this apparatus at a very great 
an^e of incidence, Newton's rings are seen at the point 
ef contact. But as the polarizing angle of glass differs 
from that of metal, when the h^t IfiUls eo the lens at 
thei polarirang anp^e of glass, the Mack spot and the sys- 
tem of rings vanish.' For edthough light in abundance 
continues to be reflected from the surface of llie metal, 
not a ray is reflected from the surfacO of the glass that 
is in contact with it, consequentiy no interference can 
take place ; which proves, beyond a doubt, that New- 
ton's rings residt frian die interference of the U^t re- 
flected &m both the surfaces apparently in contact (N. 
194). 

Notwithstanding the successful adaptation of the un- 
dulatory system to phenomena, the dispersion of li^t 
for a long tome offered a formidable objection to that 
theory^ which has only been remdved during the present 
year by Professor Powell of Oxford. 

A sunbeam fedling on a prism, instead of being i*e- 
fructed to a single point of white light, is separated into 
its component colors, which are dispersed or scattered 
unequally over a considerable space, of which the portion 
occupied by the red rays is thcr least, and that over which 
the violet rays are dispersed is tiie greatest. Thus the 
rays of the colored spectrum whose wav^s are of diflbr* 
ent lengths, have different degrees of refrangibility, and 
oonsequently move with diiferont velocities, mther in the 
medium winch conveys the lig^t from the sun, or in the 
refracting medinntt or in both ; whereas rays of all colors 
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some firom tlie sun to the earth with the same velocity. 
If, indeed, the velocities of the vanous rays were differ- 
ent in space, the aberration of the fixed stars, which is 
inversely as the velocity, would be different for different 
colors, and every star would appear.as a spectrum whose 
^ngth would be parallel to the direction of the earth's 
motion, mrhich is not found- to agree with observation. 
Besides, there is no such difference in the velocities of 
the long and short waves of air in the analogous case of 
sound, since notes of the lowest and highest jsitch are 
heard in the order in which they are struck. In &ct, 
when the aunbeam passes from air into the prism its 
velocity is diminished ; and as its refraction and conse- 
quently its dispersion depend solely upon the diminished 
velocity of the transmission of its waves, they ought Jto 
be the same for waves of all lengths, unless a connection 
exists between the length of a wave, and the velocity' 
with which it is propagated. Now this connection be- 
tween the length of a wave of any color and its velocity 
or refrangibility in a given medium, has been deduced 
by Professor Powell from M. Cauehy's investigations of 
the properties of light on a peculiar modification^ the 
undulatoiy hypothesis. Hence the refrangibiiity of the 
various colored rays computed from this relatioa for any 
given medium, when compared with their refran^ihty 
in the same medium determined by actual observation, 
will show whether the dispersion of light comes under 
the laws of that theory. But in order to accomplish 
this, it is clear that the length of the waves should be 
found indepeiidently of refraction, and a very beautiful 
discoveiy of M. Fraunhofer furnishes the means of 
doing so. 

That plulosoidier obtained a perfectly pure and com- 
plete colored spectrum With all its dark and bright lines 
by the interference of light alone, from a sunbeam pass- 
ing through a series of fii^e .parallel wires covering the 
object glass of a telescope. In this spectrum, formed 
independently of prismatic refraction, the positions of 
the colored rays depend only on the lengths of their 
waves, and M. Fraimhofer found. that the intervals be> 
tween them are precisely proportional to the differences 
of these lengths. He measured the lengths of the waves 
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df the different cobrs at seven fixed points, determined 
by seven of the principal dark and bright lines. Profes- 
sor Powell, availing himse^lf of these measures, has made 
the requisite computations, and has found that the coin- 
cidence of theory with olKiervation is perfect for ten 
substances whose refrangibility had been previously de- 
termined by the direct measuremefits of M. Fraunhofer, 
and for ten others whose refrangibility has more recently 
been ascertained by M. Kudberg^ Thus, in the case of 
isevdn rays in each of twenty different substances solid 
and fliiid, the dispersion of light takes place according to 
the laws of the undulatory theory ; and as there can 
hardly be a doubt that dispersion in all Ather bodies will 
be found to follow the same law, the- undulatory theory 
of fight m^ay now be regarded as completely established. 
It is howevcJr an express condition of the connection be- 
tween the velocity of light and the length of its undula- 
tions, that the intervals between the vibrating molecules 
of the ethereal fluid should bear a sensible relation to 
the length of an undulation. The coincidence of the 
computed with the obsetred refractions shows that this 
condition is fulfilled within the refracting media ; but 
the aberration of the fixed stars leads to the inference 
tiiat it does not hold in the ethereal regions, where the 
velocities of the rays of all colors are the same. 
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Chemical or Photographic Rays of the Solar Spectrum— Messra. Scheele, 
Hitter, and WoUaston's Discoveries^ Mr. Wedgewood and Sir Humphry 
Davy's Photographic Pictures— The Calotype— The Daguerreotype-- 
The Chromatype— The Cyauotype — Sir John HerschePs Disqovenes in 
the Photographic or Chemical Spectnlm— Mpns. E. BecquerePs Discovery 

. of Inactive Lines in the Chemical Spectrum. 

The solar spectrum has assumed a totally new char- 
acter from recent analysis, especially the chemical por- 
tion, which exercises an energetic action on matter, pro- 
ducing the most wonderful and mysterious changes on 
the organized and unorganized creation. 

All bodies are probably aflfected by light, bnt it acts 
with greatest energy on such as are of weak chemical 
affinity, imparting properties to them which they did 
13 R 
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not possess before. Metallic salts^ 'et^ecifdly ^ose of 
silver, whose molecules are held together by an unstable 
equilibrium, are of all bodies the most susceptible of its 
influence ; the effects however vary with the substances 
employed and with the diff^ent rays of the sdar spet^ 
trum, the chemical properties of which are, by>o means 
alike. As early as 1772 M. Scheele showed that die 
pure white color of chloride of silver was rapidly dark- 
ened by the blue rays of the solar saeciruiB, while tlie 
red rays had no effect upon it ; and in 1 801 M. Kitter 
discovered that invisible rays beyond the violet eztremipr 
have the property of blackening argentine salts, that 
this property ditmnishes toward the less refrangible part 
of the spectrum, and that the red rays have an opposite 
quality, that of restoring the blackened s^^^^^ilver to 
its original purity, from which he inferre^^^Khe most 
refrangible extremity of the spectrum l»c^^aoxygee* 
izing power, and the other that of deoxygenating. Pr. 
WoUaston found that gum guaiacum acquires a green 
color in the violet and blue rays, and resumes its ongiod 
tujt in the red. No attempt had been made to trace, 
MKurBl objects by means of light reflected from them 
nill Mr. Wedgewood, together with Sir Humphry Davy, 
took up the subject : they produced profiles euad tradflgs 
of objects on surfaces prepared with nitrate and chloride 
of silver, but they did not succeed in rendering their 
pictures permanent. This difficulty was overcome in 
1814 by M.. Niepc6, who produced a permanent pictnre 
of surrounding objects, by placing in the focus of a 
camera obscura, a metallic plate covered with a film ef 
asphalt dissolved in oil of lavender. 

M A Fox Talbot, without any knowledge'of M. Niepc^*8 
experiments, had been engaged in the same pursuit, 
. and must be regarded as an independent inventor of 
^ ,^ photography, one of the most beautiful arts of modern 
•<^ '" ♦ times : he was the first who succeeded in using pap^ 
chemically piepared for receiving impressions from nat- 
ural objects ; and he also discovered a method of fixing 
permanently the impressions-^that is, of rendering the 
paper insensible to any fhrther action of light. In the 
calotype, one of Mr. Talbot's most recent applications 
-of the art, this photogra|^ic surface is prepared by wa^ 
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iog snnooth writiug^per, first with a solutioa of oitaratw 
of silver^then with bromide of potassium, and again with 
Iditrate of silver, drying it at a fire after each washing; 
the paper is thus rendered so sensitive to light that even 
the passage of a thin cloud is perceptible on it, conser 
quently it must be prepared. by candle-hght. Portraits, 
buildings, insects, leaves of plants, in short every object 
is accurately delineated in a few seconds, and in the 
focus of a camera obscura the niost minute objects are 
I90 exactly depicted that the microscope reveals new 
beauties. 

Since the effect of the chemical agenpy of light is tQ ' 
destroy the affinity between the salt and the silver, Mn 
ITalbot found that in order to render these impressionf 
permanei^on paper, it was only necessary to wash it 
with saM^B water, or with a solution of iodide of po- 
tassiuno^^Rfr tl^ese liquids the liquid hyposulphites 
have beecr advantageously substituted, which are the 
inost efficacious in dissolving and removing the unchanged 
salt, leaving. the reduced silver on the paper. The cal> 
otype picture is negative, that is, the lights and shadws 
are the reverse of. what they are in nature, and^^|f 
right-hand side in nature is the left in the picture ; but 
if it be placed with its face pressed against photographic 
paper, between a board and a plate of glass, and exposed 
to the sun a short time, a positive. and direct picture ^as 
it is in nature is formed; engravings may be exactly 
' copied by this simple process, and a direct picture may 
be produced at once by using photographic paper already 
made bi^wn by exposure to hght. 

While Mr. Fox Talbot was engaged in these very 
elegant discoveries in England, M* Dagu«rre had brought 
to perfection and made public tha,t admirable process by 
which he has compelled Nature pei-manently to en- 
grave her own wQrks ; and thus the talents of France 
aqd England have been c6mbined,in bringing to perfec- 
tion this useful art. Copper, plated with silver, is suc- 
cessfully employed by M. Daguerre for copyipg nature 
^y the. agency of light. ^ The surface of the plate is 
converted into, an iodide of silver, by placing it horizon- 
tally with it^ face downward in a covered box, in the 
IfOttom of which there i^- a small.. quantity of iodiofi 
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which evaporates spontaneously. In three or {bur 
minutes the surfaci^ acquires a yellow tint, and then, 
screening it carefully from light, it must be placed in 
the focus of a camera obscura, where an invisible image 
of external objects will be impressed on it in a few 
minutes. When taken out the plate must be exposed 
in another box to the action of mercurial vapor, which 
attaches itself to l^ose parts of the plate which had 
been- exposed to light, but does not adhere to such parts 
■8 had been in shadow ; and as the quantity of mercury 
over the other parts is in exact proportion to the de- 
gree of illumiDation, the shading of ;the picture is per- 
fect. The image is fixed, first by removing the iodine 
from the plate, by plunging it into hyposulphite of soda, 
and then washing it in distilled water ; by this process 
the yellow color is destroyed, and in order to render 
the mercury permanent, the plate must be exposed a 
few minutes to nitric vapor, then placed in nitric acid 
contuning copper or silver in solution at a temperature 
of 61|^ of Fahrenheit for a short time, and lastly 
polished with chalk. This final part of the process is 
due to Dr. Berre, of Vienna. 

Nothing can be more beautiful than the shading of 
these chiar-o^uro pictures when objects are. at rest, 
but the least motion destroys the effect; the method 
therefore is more applicable to buildings thaii landscape. 
Color alone is wanting ; but the reseiSches of Sir ^ohn 
Herschel give reason to believe that even this will ulti- 
mately be- attained. 

The most perfect impressions of seaweeds, leaves of 
plants, feathers, &c., may be formed by bringing the 
object into close contact with a. sheet, of photographic 
paper, between a board and plate of glass ; then ex- 
posing the whole to the sun for a short time, and after- 
ward fixing it by the process described. The colors of 
the pictures, vary with the preparation of the paper, by 
which almost any tint may-be produced. . 

In the chromatype, a peculiar photograph discovered 
by Mr. Hunt, chromate of copper is used, on which a 
dark brown, negative image is first formed, but "l^ the 
continued action -of light it is changed to a positive 
yellow picture on a white ground ;- the farther effect 
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of light is checked by washing the picture in pure 
wnter. 

In cyanotypes, a class of photographs discovered by 
Sir John > Herschel, in which cyanogen in its combina- 
tioiis with iron forms the ground, the pictures are 
Prussian blue and white. In the chrysotype of tha 
same eminent philosopher, the image is first received 
on paper prepared with the ammonia-citrate of iron, 
and afterward washed with a neutral solution of gold. 
It is fixed by water acidulated with sulphuric acid, and 
lastly by hydriodate of potash, from which a white and 
purple photograph results. It is vain to attempt to de- 
scribe the various beautiful effects which Sir John 
Herschel obtained from chemical compounds, and from 
the juices. of plants : the juice of the red poppy giv^s a 
positive bluish purple image, that of the ten-week stock 
a fine rose color on a pale straw-colored ground. 

Pictures may be ngiade' by exposure to sunshioe, on 
all compound substances having a weak chemical affinity, 
but the image is often invisible, as in the Daguerreotype, 
till brought out by crashing in some chemical prepara-* 
tion. Water is Irequently sufficient ; indeed Sir John 
Herschel brought out dormant photographs by breathing 
on them, and some substances are insensible to the ac- 
tion of light till- moistened, as for example gum guaia- 
cum. . Argentine papers, however, are little subject to 
the influence of moisture. The power of the solar rays 
is augmented in ceitain cases by >placing a plate of glass 
in close contact over the sensitive- surface. 

Chemical action always accompanies the sun's light, 
but the analysis of the solar spectrum has partly dis- 
closed the wqnderful nature of the emanation. In the 
research, properties most ,iiiiportaut and unexpected 
have been discovered by Sir John Herschel, who im- 
prints the stamp of genius on all he touches — ^his elo- 
quent papers can ^one convey an adequate idea of their 
value in- opening a field of inquiry vast and untrodden. 
The following brief and. imperfect account of his exper- 
iments \fi all diat can be attempted here : — 

A certain degree of chemical energy is -distributed 
through every part of the solar spectrum, and also to a 
considerable extent through the dark spaces at each ex-^ 
r2 
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tremity. This distribution does not depend on the re- 
frangibility of the rays alone, but also on the nature of 
the i*ay8 themselves, and on the physical properties of 
the analyzing medium on which tlie rays are received, 
whose changes indicate and measulre their action. The 
length of the photographic image of the same solar spec- 
trum varies with tiie physical qualities of the sur&ce on 
which it is impressed. When the solar spectrum is* 
received on paper prepared with bromide of silver, the 
chemical spectrum, as indicated merely by the length of 
the darkened part, includes within its limits the whole 
luminous spectrum, extending in one direction far be- 
yond the extreme vioJet and lavender rays, and in tibe 
other down to the ^xtremestred : with tartrate of sil- 
yer the darkening occupies not only all the space under 
the most refrangible rays, but reaches niuch beyond the' 
extreme red. On paper prepared with formobenzoate 
of silver the chemical spectrum is cut off at the. orange 
rays, with phosphate of silver in the yellow, and with 
chloride of gold it terminates with the green, with car- 
bonate of mercury it ends in the blue, and on paper 
prepared with the percyanide . of gold, ammonia, and 
nitrate of silver, the darkening lies entirely beyond the 
visible spectrum at its most refrangible extremity, end 
is only half its length, whereas in some cases chemical 
action occupies a space more thaU twice the length of 
the luminous image. 

The point of maximum energy of chemical action 
varies as much for different preparations as the scale of 
action. In the greatest number of cases the point of 
deepest blackening lies about the lower edge of the in- 
digo rays, though in no two cases is it exactly the same, 
and in many substances it is widely (Afferent. On paper 
prepared with the juice of the ten-week ^tock (Mathiola 
annua), there are two maxima, one in the mean yellow 
and a weaker in the violet; and ou a preparation of tar- 
tarate of silver, Sir John Herschel found three, one in 
Ae least refrangible blue, one in the indigo, ^nd a thW 
beyond the visible violet. The decrease in photographic 
energy is seldom perfectly alike on both sides of the 
maximum. Thus at the most refrangible end of the 
solar spectrum the greatest chemical- power is exerted 
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in ftiodt instances where there is least light and heat, 
and even in the space where both sensibly cease. 
' Not onljr the intensity but the kind of action is diifer- 
ent in the different points of the solar spectrum, as 
evidently appears from the rarious colors diat areTre- 
queotly impressed on the same analyzing surface, each 
r&y hairing a tendency to impart its own color. Sir John 
Herschel obtained a colored image of the solar spectrum 
on paper prepared according to Mr. Talbot's principle, 
from a sunbeam refracted by a glass prism and then 
highly condensed by a lens. The photographic image 
was rapidly formed and very intense, and when with- 
drawn from the spebtfum and viewed in eommoli day-^ 
light it was found to he colored with sombre but une- 
qulfvocal tints imitating the, prismatic colors, which varied 
gradually from red through green and blue^to a purplish 
black. After washing Ihe sur&ce in water, tne tints 
became more decided by being kept a few days in the 
dark — a phenomenon, Sir John obsejfves, of constant 
occurrence, whatever be the preparation of the paper, 
provided colors are produced at all. He also obtained a 
colored' image on nitrate of silver, the part under the 
blue rays booming a blue brown, while that under the 
violet had a pinkiidh shade, and sometimes green ap- 
peared at the point corresponding to the least refrangible 
blue. Mr. Hunt found on a paper prepared vnth flu^ide 
of silver that a yellow line was impressed on the space 
occupied by the yellow rays, a green band on the space 
tinder the green rays, an intense blue throughout the 
space on which the blue and indigo rays fell, and undAr 
the violet rays a ruddy brown appeared ; these cofors 
remained clear and distinct after being kept two months. 
Notwithstanding the grefat variety in the scale of 
actioi) of the solar spectrum, the darkening or deoxy- 
dizing prineipile that prevails in the more refrangible 
part rarely surpasses or even attains the mean yellow 
ray which is the point of maximum illumination ; it is 
generally cut off abruptly at that point which seems to 
form a limit between the opposing powers which prevail 
at the two ends of the specttnim. The bleaching or ox- 
ydizang effect of the red rays on blackened muriate of . 
silver discovered by M. Ritter of Jena, and the restora- 
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tioo by the same rays of discolored gum guaiacum to its 
original tint by Dr. Wollaston, have already been men- 
tioned as giving the first indications of that difference in 
the mode of action of the chemical rays at the two ends 
of the visible spectrum, now placed beyond a doubti 

The action exeited by the less re&angible rays be^ 
yond and at the red eiUremity of the solar spectrum, in 
most instances, so far from blackening metallic salts, 
protects them_from the action of thb diffused daylight; 
but if the prepared surface has already been blackened 
by exposure to the sun, they possess the remariiable 
property of bleaching it in some cases, and under other 
circumstancQ9 of changing the black surface into a fiery 
red. . . • 

Sir John Herschel, to wliom we owe most of our 
knowledge of the properties of tho chemical spectrum, 
prepared a sheet of paper by washing it with muriate 
of ammonia, and then with two coats of nitrate of silver; 
on this surface he obtained an impression of the solar 
spectrum exhibiting a range of colors very nearly cor-- 
, responding with its natural hues. But a very remarka- 
ble phenomenon occurred at the end of least refrangi- 
bility ; the red rays exerted a protecting influence 
which preserved the paper from the change which it 
would- otherwise have undergone from the deoxydizing 
influence of the dispersed light which always surrounds 
the solar spectrum, ^nd this maintained its whiteness. 
Sir John met with another ipstance on paper prepai'ed 
with bromide of silver, on which the whole of the space 
occupied by the visible spectrum was darkened down to 
the very extremity of the red rays, but an oxydizing 
action commenced beyond the extreme red, which maii^ 
tained the whiteness of the paper to a considerable dis- 
tance beyond the last traceable limit of the visible rays, 
thus evincing decidedly the existence of some chemical 
power over a considerable spaces beyond the least re- 
frangible end of the spectrum. Mr. Hunt also found 
that on the baguerreotype plate a powerful, protecting 
influence i^ exercised by the extreme red rays. In * 
these cases the red and those dark rays beyond them 
exert an action "of an opposite itiU;ure to that of the violet 
and lavender rays, 
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The least refrangible part of the solar spectrum pos- 
sesses also, under certain circumstances, a bleachiiig 
property, by which the metallic salts are restored to 
their original whiteness after being blackened by ex- 
posure to common daylight, or to the most refrangible 
rays of the solar spectrum. ^ 

Paper prepared with iodide of silver, ^hen washed 
over with ferrocyanite of potash, blackens rapidly when 
exposed to the solar spectrum. It begins in the violet 
rhya and extends over all the space occupied by the dark 
chemical rays, and over the whole visible spectrum 
down to the extreme red rays. This image is colored, 
the red rays giving a reddish tint and the blue a bluish. 
In a short time a bleaching process begins under the red 
rays, and extends upward to the green, but the space 
occupied by the extreme red is maintained perfectly dark. 
Mr. Hunt found that a similar bleaching power is exerted 
by the red rays on paper prepared with protocyanide of 
potassium and gold with a wash of nitrate of silver. 
s The application of a moderately strong hydriodate of 
potash to darkened photographic paper renders it pecu- 
liarly susceptible of heing whitened by further exposure 
to light. If paper prepared with bromide of silver be 
washed with ferrocyanate of potash while under the 
influence of the solar spectrum, it is immediately dark- 
-ened throughout the part exposed to the visible rays 
down to the end of the red, some slight interference 
being perceptible about the region of the orange and 
yellow. After this, a bleaching action begins over the 
part occupied by the red rays, which extends to the 
green. By lodger exposure an oval spot begins again to 
darken about the center of the bleached space; but if 
the paper receive another wash of the hydriodate of 
potash, the bleaching action extends up from the green, 
over the region occupied by the most refrangible rays 
and considerably beyond them, thus inducing a negative 
action in the most refrangible part ojT the spectrum. 

lu certain circumstances the red rays, instead of re- 
storing darkened photographic paper to its original 
whiteness, produce a deep r«d color. When Sir John 
Herschel received the ^ipectrum on paper somewhat 
discolored by exposure to direct sunshine^ instead of 
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whiteness, a red border was formed extending from the 
space occupied by the orange, and nearly covering that 
on which the red fell. When, instead of exposing the 
paper in the first instance to direct sunshine, it was 
blackened by the violet rays of a prismatic spectrum, or 
by a sunbeam that had undergone l^e absorptive action 
of a solution of ammonia-sulphate of copper, the red 
rays of the condensed spectr.um produced on it, not 
whiteness, but a full and fiery red which occupied the 
whole space on which any of the visible red rays had 
fallen, and this red remained unchanged, however long 
thepaper remained exposed to the least refrangible rays. 

Sunlight ta-ansmitted through red glass produces 5ie 
same effect as the red rays of the spectrum in the fore- 
going experiment. Sir John Herschel placed an en- 
graving over a paper blackened by exposure to sunshine, 
covering the whole with a dark red -brown glasa previ- 
ously ascertained to absorb every ray beyond the orange : 
in this way a photographic copy was obtained in which 
the shad^ wore black, as in the original engraving, but 
the" lights, mstfe%d ^f being white, were of the red color 
of venous blood, aiid.rid other color could be obtained by 
exposure to light, however long. Sir John ascertained 
that every part of the spectrum impressed by the mpre 
refrangible rays is equally reddened, or nearly so, by the 
subsequent action of the less refrangible ; thus the red 
rays have the very remarkable property of asiimilating 
to their own color the blackness already impressed on 
photographic paper. ' " ' ' 

That there is a deoxydatihg property in the more re- 
frangible rays, and an oxydating action in the less re- 
frangible part of the spectrum, is manifest from the 
blackening of one and the bleaching effect of the o^her ; 
but the peculiar action of the red rays in the experi- 
ments mentioned, shows that gome other principle exists 
different from contrariety of action. Thfese opposite 
qualities are balanced or neutralized in the region of the 
mean yellow ray. But although this is the general • 
character of the photographic spectrum, uiider certain 
circumstance's even the red rays have a deoxydating 
power, while the blue and scarlet exert a contrary itiflti- 
ence ; but these are rare exceptions. - 
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The photographic action of the two portions of the 
solar spectrum • being so different, Sir John Herschel 
tried the effect of their united action by superposing the 
less refrangible part of the spectrum over the more re- 
frangible portion by means of two prisms, and he thus 
discovered that tWo rays of different refrangibility, and 
therefore of different lengths of ^undulation, acting simul- 
taneously, produce an eflf'ect which neither acting sepa- 
rately can do. 

Some circumstances that occurred during the analysis 
of the chemical spectrum seem to indicate an absorptive 
action- in the sun's atmosphere. The spectral image 
impressed on paper prepared with nitrate 6f silver and 
Rochelle salt, commenced at or very'httle below the 
mean yellow ray, of a delicate -lead color, and when the 
action was arrested such was the character of theijrli^ 
photographic spectrum. But when the ligi&itXM^^fe 
solar spectrum was allowed to continue its actioh, tKerre 
was ' observed to come on suddenly a new and much 
more intense impression of darkness, confined in length 
to the blue and violet rays ; and what is most remarka- 
ble, confined alsa in breadth toihe middle of the sun'a 
image, so far at least as to leave a border of the lead- 
colored spectrum traceable, not only round the clear 
and well-defiiied convej^ity of the dark interior spectrum 
at the^ least refrangible end, but also laterally along both 
its edges : and this border was the more easily traced 
and less liable to be mistaken ft'om its striking contrast 
of color with the interior spectrum, the former being 
lead gray, the latter an extremely rich deep velvety 
brown. The less refrangible end df this interior brown 
spectrum presented a sharply terminated and regularly 
elliptical contour, the more refrangible a less decided 
one. " It may seem too hazardous," Sir John continues, 
** |o look for the cause of this veiy singular phenomenon 
in a real difference between the chemical agencies of 
f^ose rays which issue from the central portion of the 
sun^s disc; and those which, emanating from its borders, 
have undergone l^e absorptive action of a much greater 
depth of its atmosphere ; and yet I confess myself some- 
what at a loss what other cause te assign for it. It 
roust 'suffice, however, to have thrown out the hint, re- 
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iparking only, that I have other, and I am disposed to 
think decisive, evidence of 4he existence ^f an ^orptive 
solar atmosphere extending beyond the luminous one.^' 
Several circumstance^ concur in showing that there are 
influences also concerned in the transmission of. the pho- 
tographic action which have not yet been explained, as 
for example the influence which the time of the day 
exercises on the rapidity with which photographic im- 
pressions are made, the sun b^ing much less efiective 
two hows after passing the meridian than two hours 
before. There is also reason to suspect that the eflect 
in some way depends on the latitude, dince a much 
longer time is required to obtain an image under the 
bright skies of the tropics than in England, and it is 
even probable that there is a difierence ia the sun^s 
light in high and low latitudes, because an image of the 
solar spectrum obtained on -a Daguerreotype plate in 
Virginia by Drr Draper, diflered from a spectral image 
obtained by Mr. Hunt on a sinlilar plate in England* 
The inactive spaces discovered in the photographic spec- 
trum by M. £. Becquerel similar to those in the lumi- 
Qous spectrum| and coinciding with them, is also a phe- 
nomenon of which no explanation has yet been given. 
Although chejnical action extends over the whole lumi- 
nous spectrum and much' beyond it in gradations of 
n^ore or less intensity, it is found by care&l investiga- 
tion to be by no means continuous ; numerous inactive 
lines cross it coinciding with those in the luminous image 
as far as it extends : besides, a very great number exist 
in the portipns that ar^ obscure, and which, overlap the 
visible part. There are three extra-spectral lines be- 
yond the red, and some strongly marked groups on the 
obscure p^ beyond ^e violet ; but the whole number 
of those inactive hues, especiaOy io the dark spaces, is 
so great that it is impossible to count them. 

Notwithstanding this coincidence in the inactive liqes 
of the two spectra, photographic energy is independent 
of both light and heat, since it exerts the most powerful 
influence in those rays where they are least, and also 
in spaces where neither sensibly exist ; but the trans- 
mission of the sun's light through colored media makes 
that independence quite evident. Heat and light pass 
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abundantly through yellow glass, or a solution of chro- 
mat^ of potash ; but the greater part of the chemicai 
rays are excluded, and chlorine gas diluted with comipon 
air, though Jiighly pervious to the luminous and calorific 
principles, has the same effect. Sir John Her^chel 
found that a slight degree of yellow London fog had a 
similar, effect with that of pale yellow media : he also 
remarked that a weak solution of azolitmine in potash, 
which admits, a great quantity of green light, excludes 
chemical action ; and some years ago, the author, while 
making experiments on the transmission of chemical 
rays, observed that green glass, colored byoxyde of cop^ 
per, abou^the 20th of an inck thick, excludes the pho- 
tographic rays, and as M. Melloni has shown that sub- 
stance to be impervious to the most refrangible calorific, 
rays, it has the property of excluding the whole of the 
most refrangible part of the solar spectrum, visible and 
invisible. Green mica, if not too thin, has also the same 
effect, whereas amethyst, .deep blue and violet-colored 
glasses, though they transmit a very little light, allow 
3je chemical rays to pass freely. Thus light and pho- 
tographic energy may be regarded as distinct and inde- 
pendent properties of the solar beam. 

It is not known whether photographic energy be ab- 
sorbed by naaterial substances or not, neither is it known 
whether it be concerned in crystalization, and in pro- 
ducing those changes in the internal structure of crystals 
when exposed to the sup, already mentioned ; but the 
power is universal wherever the solar beani falls^ though 
the efifect only becomes evident in cases of unstable mo- 
lecular equilibrium. The composition and decomposi- 
tion of those sohds, liquids, and aeriform fluids hitherto 
attributed to light, are chiefly owing to this energy ; and 
as similar, chemical changes may be produced by cur- 
rents of electricity, an occult, connection between these 
two imponderable injiuences is shadowed out* 
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Section XXV. 

Heal — Calorific Rays of the Solar Spectrum — Experiments of MM. De 
. Laroc'he and Melloui on the Transmissirai of Heat— The Point of greatest 
Heat in the Solar Specj^rum varies with the Sabstanoe of the Prisms- 
Polarization of Heat— Circular Polarization of Heat — Transmission of the 
Chemical Rays — ^Absorption of Heat>— Radiation of Heat — ^Dew — Hoar 
Frost — Rain-— Hail— Combustion — ^Dilatation of Bodies by Heat — Propo- 
> gation of Heat — ^Latent Heat— Heat presumed to consist of the Undular 
twos of an Elastic Medium — Parathermic Rays— Moser's Discoveries. 

It is not by vision alone that a knowledge of the sun's 
i-ays is acquired, — touch prov^ that they have the 
power of raising the temperature of substances exposed 
to their action. Sir William Herschel discavered that 
rays of caloric which produce the sensation of heat, exist 
in the solar spectrum independently of those of light ; 
when he used a prism of tiint-glass, he fo^nd the warm 
rays most abundant in the dark space a little beyond the 
red extremity of the. spectrum — that from thence they 
decrease toward the violet, beyond which they are in- 
sensible. It may therefore be concluded, that the ca- 
ior'i&c rays vary in refrangibility, and that those beyond 
the extreme red are less refrangible than any rays of 
light. Since Sir Williatn Herschel's ^me it has been 
discovered that the calorific spectrum exceeds the lumi- 
nous one in length in the ratio of 42 to 25, but the most 
singular pl^enomenon of the calorific spectrum is its 
want of continuity. Su: John Herschel blackened the 
under side of a sheet of very thin white paper by the 
smoke oi a lamp, and having exposed the white side to 
the solar spectrum, he drew a brush dipped in spirit of 
wine over it, by which the paper assumed a black hue 
when sufficiently saturated. The heat in the spectrum 
evaporated tha spirit first on those parts of the paper 
where it fell with greatest intensity, thereby restoring 
their white color,. an^ thus he discovered that the ca- 
loric is not distributed uniformly, but in spots of greater 
or less intensity — a circumstance probably owing to tho 
absorbing action of the atmospheres of the sun and 
earth. *» The effect of ^he former^" says Sir John, " ia 
beyond our control, unless we could carry our experi- 
ments to such a point of delic€u;y as to operate separately 



d by Google 



skct.xxv, solar sPEcrr&UM. . 2Q7 

on rays emanating from the center and borders of the 
sun's disp; that of the earth's, though it cannot be elim- 
inated any more than in the case of the sun's, may yet 
be varied to a considerable extent by experiments made 
at great elevations and under a vertical sun, and com- 
pared with others where the sun is more oblique, the 
situation lower, and the atmospheric pressure of a tem- 
porarily high amounts Should it be found that this 
cause is in reality concerned in the production of the 
spots, we should see reason to believe that a large por- 
tion of solar heat never reaches the earth's surface, and 
that what is incident on the summit9 of lofty mountains 
differs not only in quantity, but also in quality, from 
what the plains receive." 

Thus the solar spectrum is proved to consist of five 
superposed spectra, only three of which are visible — 
the red, yellow,^ and blue ; each of the five varies in 
refrangibility and intensity throughout the whote ex- 
tent, the visible part being overlapped at one extremity 
by the chemical, and at the other by the calorific rays ; 
but the two latter exceed the visible part so much, tibiat 
the linear dimensions of the three, the luminous, calo- 
rific, and photographic, are in the proportion of the 
numbers 25, 42, 10, and 55*10, so that the whole dolar 
spectrum is more than twice as long as its visible part. 

That the heat-producing rays exist independently of 
light, is a matter of constant experience in &e abundant 
emission of them from boiling water. Yet there is 
every, reason to believe that both the calorific and 
chemical rays are mbdifications of the same agent 
which produces the sensation of light. Rays of heat 
dart in diverging straight lines from fiame, and from 
each poiot in the surfaces of hot bodies, in the same 
manner as diverging rays of light proceed from every 
point of the surfaces of such as are luminous. Accord- 
ing to the experiment^ of Sir John Leslie, radiation 
proceeds not on^ from' the surfaces of substances, but 
also from the particles at a minute depth below it. He 
^ found that the emission is mpst abundant in a direction 
perpendicular to the radiating surface, and that it is 
more, rapid from a rough than from a polished surface : 
radiation, however, can only take place in air and in 
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vacuo; it is altogether imperceptible when the hot 
body is inclosed in a solid or liquid. Heated substances, 
When exposed to the open air, continue to radiate 
caloric tUl they become nearly of the temperature of 
the surrounding medium. The radiation is very rapid 
at first, but diminishes according to a known law with 
the temperature of the heated body. It appears, also, 
that the radiating power of a surface is inversely as its 
reflecting power ; and bodies that are most impermea- 
ble to heat radiate least. 

Kays of heat, whether they proceed from the sun, 
from flame, or other terrestrial sources, luminous or 
non-luminouSf are instantaneously transmitted through 
solid and liquid substances, there being no appreciable 
difference in the time they take to pass through layers 
of any natut'e or thickness whatever* They pass also 
vnth the same facility whether the media be agitated 
or at rest ; and in these respects the analogy between 
light and heat is perfect. Radiant heat passes through 
the gases with the same facility as light ; but a remark- 
able difference obtains in the transmission of light and 
heat through most solid and liquid substances, the same 
body being often perfectly permeable to the luniinous 
and altogether impermeable to the calorific rays. For 
example, thin and perfectly transparent plates of alum 
and citric acid sensibly transmit all the rays of light 
from an ar^nd lamp, but stop eight or nine tenths of 
the concomitant heat; while a large piece of brown 
rock crystal gives a free passage to the radiant heat, 
but intercepts almost all the light. M. MeUoni has 
established the general law in uncrystalized substances 
such as glass and liquids, that the property of instanta- 
neously transmitting heat is in proportion to their re- 
fractive powers. The law, however, is entirely at fault 
in bodies of a crystaline texture. Carbonate of lead, 
for instance, which is colorless, and possesses a very 
high refractive power with regard to light,, transmits 
less radiant heat than ^Iceland spar or rock-ciystal, 
which are very inferior to it in the order of refran- 
gibility; while rock-salt, which has the same transpa- 
rency and refractive power with alum and citric acid, 
transmits six or eight tiines as much caloric. This 
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remarkable difference in the transmtssive power 6f sub- 
stances having the same- appearance, is attributed by M . 
Melloni to their crystaline form, and hot to the chemical 
composition of their molecules, as the following experi- 
ments prove. A block of common salt cut into plates, 
entirely excludes calorific radiation ; yet when dissolved 
m water, it increases the transmissive power of that 
liquid : moreover, the transmissive power of water is 
increased in nearly the same degree, whether salt or 
alum be dissolved in it ; yet these two substances 
transmit very different quantities of heat in their solid 
state. Notwithstanding the influence of crystalization 
on the transmissive power of bodies, no relation has 
been traced between diat power and the crystaline form. 
The transmission qf radiant heat is analogous to that 
of light through colored media. When common white 
Kght, cpnsisting of blue, yellow, and red rays, passes 
through a red liquid, almost- all the blue and yellow rays, 
and a few of the red, are intercepted by the first layer 
of the fluid ; fewer are intercepted by the secon^ ^jf ii 
less by the third, and so on : till at last the losses?^ ^ * * 
very small and invariable, and those rays £ ^ 

transmitted which give the red color to tj '^ . ^ 

a similar manner, when plates of the sam i . 
any substance, such as glass, are exposec^'^ ^ ^^* * ?.®^ 
lamp, a considerable portion of the rad>,Sf?®f {^^ ^^^ 

quantity. The traj^ion ^^^^^J^ stopped alto- 
solid mass follows I ^^e^rp^y. 77 :%,. JL*,i;«v^^^4. 

considerable on first^«;«^jiSF. ^^"^^ ^^^^^/^j^V^^^^t 
:r.v, ;« «^««^*^;<.« * fliffftrftpt qualities. It appears that 
^h m proportion f 'tiWSF^^^ of aD kinds, in the 

become constant at a certain\Ji\." " t „„j „„ „«i 
difference between the tranSS^^^^^" '/'^^ *\ ^,?;^: 
through a solid mass, or through tiJe^ ^^ ."^^''^ ^^^ 
cut into plates of equal thickness, arisesiSSiSS^Jf ] i^*" 
quantity of heat that is reflected at the surfkce*^,^ , -** 
plates. It is evident, therefore, that the heat*5^^*!5.^^ 
ually lost is not intercepted at the surface, but ab ^"^^ 
in me interior of the substance, and that heat ,. 

has passed through one stratum of air experience^^y® 
14 s2 
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absoiption m each of the succeeding strata, and;;)tBay 
• therefore be propagated to a greater distance bef<»-e it 
is extinguished. The experiments of M. de Lafoche 
show, that glass, however thin, totally' intercepts the 
obscure rays of caloric when they flow from a body 
whose temperature is lower than that of boiling water ; 
that as the temperature increases, the calorific rays are 
transmitted more and more abundantly ; and when the 
body becomes highly luminous, that they penetrate the 
glass with perfect ease. The extreme brilliancy of the 
sun is probably the reason why his heat, when brought to 
a focus by a lens, is more intense than any that has been 
produced artificially. It is owing to the same cause 
that glass, screens, which entirely exclude the heat of a 
common fire, are permeable by the solar caloric. 

The results obtained by M. de Laroche have been 
confirmed by the recent experiments of M. Melloui on 
caJoricTftdiated from souo'ces of different temperatures, 
whence it appears that the calorific rays pass less abun- 
tuv ^^Y not only through glass, but through rock-crystal, 
able alii- gp^^ and other diaphanous bodies, both solid 
heat throu^ according as the temperature of their origin 
body being o« and that they are altogether interested 
and altogether jeratm*e is about that of boiling water, 
example, thin ft as proved that the heat emanating from 
and citric acid ^ a bright flame consists of rays which 
from an argand other as much as the red, ypUow, and 
the concomitant '«b constitute white light. This ex- 
rock crystal gives t,f ^^le loss of heat as it penetrates 
but intercepts almofc- ««i ^ ^qH^ mass, or^in. passing 
established the general la^for, of the different kinds of 
such as glass and Uquids, CiiaiTiJie ]q\\ are successively 
neously transmitting heat is in prr^^ ^^f ^^e substance 
fractive powers. The la-VtifT those homogeneous rays 
in bodies of a crystal^e the greatest facility in passing 
for instance, whijcular substance ; exactly as in a red 
high refractive and yellow rays are extinguished, and 
less rp-aie1transmitted. 

whictMelloni employed four sources of caloric, two of 
gibilit^were luminous and two obscure ; namely, an oil- 
rency without a glass, incandescent platina, copper 
transD to 696°, and a copper vessel filled with water at 
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the temperatjOfe of 178^° of Fahrenheit. Kock-salt 
trahsmitted heat in the proportion of 92 rays out - of 
100 from each of these sources; but all other sub- 
stances pervious to radiant heat, whether solid or 
liquid, transmitted more caloric from sources of high 
temperature than from such as are low. For instance, 
limpid and colorless, fluate of lime transmitted in the pro- 
portion of 78 rays, out of 100 from the lamp, 69 from 
tibe platina, 42 frona the copper, and 33 from the hot 
water; while transparent lock-crystal transmitted 3S 
rays in- 100 from the lamp, 28 from the platina, 6 
from the copper, and 9 from the hot water. Pure ie0 
transmitted only in the proportion of 6 rays in the 100 
from the lamp, and entirely excluded those from'th* 
other three sources. Out of 39 different substancefl, 
,34 were perviouato the calorific rays from hot water, 
14 excluded those fron> the hot copper, and 4 did not 
transmit those from the platina. 

Thus it appears that heat proceeding from these 1 
sources is of different kinds : this difference in the^ 
ture of the calorific rays is also proved by another, eK \ 
periment, which will be more easily understood horn 
the analogy of light. Hed light emanating from red 
glass, will pass in abundance through finother piece of 
red glass, but it will be absorbed by green glass : green 
rays will more readily pass through a green m^ium 
than through one of any other color. This holds witb 
regard to all colors; so in heat. Kays of caloric of the 
same intensity, which have passed throu-gh different 
substances, are transmitted in different quantities by the 
same piece of alum, and are sometimes stopped alto- 
gether ; showing that rays which emanate from different 
substances possess different quahties. It appears that 
a bright flame furnishes rays of heat of all kinds, in the 
same manner as it gives light of all colors ; and as col- 
ored media transmit some colored rays and absorb the 
rest, so bodies ■ transmit some ray^ of caloric and ex- 
clude the others. Rock-salt alone resembles colorless . 
transparent media in transmitting all kinds of caloric, 
even the heat of the hand, just as they transmit white 
light, consisting of rays of all colors. 

The property of transmitting the calorific rays di- 




d by Google 



212 MELLONI'S EXPERIMENTS. Stcr. XXV. 

nuoishes to a certain degree with the thickness of th© 
body they have to traverse, but not so muclj ss might 
be expected. A piece of very transparent alum trans- 
mitted three or four times less radiant heat 'from the 
flame of a lamp than a piece of nearly opaque quartz 
about a hundred times -as thick. However, the influ- 
ence of thickness upon tho phenomena of transmission 
increases with the decrease of temperature in the 
origin of the rays, and becomes very great when that 
temperature is low. This is a circumstance intimately 
connected with the law established by M. de Laroche ; 
for M. Melloni observed that the difference between 
the quantities of caloric transmitted by the same plat« 
of glass, exposed successively to several sources of heat,^ 
diminished with the thinness of the plate, and vanished 
altogether at a certain limit; and that a film of mica 
transmitted the same quantity of caloric, whether it 
was exposed to incandescent platina or to a mass of iron' 
heated to 360^, 

Colored glasses transmit rays of light of ciertain 
degrees of refrnngibility, and absorb those of other 
degrees. For example, red glass absorbs the more 
refrangible rays, and transmits ttie red, which are tlie 
least refrangible. On the contrary, violet glass absorbs 
the least refraqgible, and transmits the violet, which 
are the most refrangible. Now M. Melloni has found, 
lliat although the coloring matter of glass diminishos its 
power of transmitting heftt, yet red, orange, yellow, 
blue, violet, and white glass transmit calorific rays of all 
degrees of refrangib^lity. Whereas green glass possesses 
the peculiar property of transmitting the least refrangi- 
ble calorific liays, and stopping those that are most re- 
firamgible. It has therefore the same elective action 
for heat that colored glass has- for light, and its action 
on heat is analogous to that of red ^lass on light. Alum 
and sulphate of lime are exactly opposed to green glass 
in their action on heat, by transmitting the most re- 
frangible rays with the greatest facility. 

The heat which has already passed through green or 
opaque black glass will not pass through alum, while 
that which has been transmitted through , glasses of 
other colors traverses it readily. 
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By revej'sing the experiment, Q,Dci exposing different 
substances to caloric that had already passed through 
alum, M. Melloni found that the heat emerging from 
alum is aUnost totally intercepted by opaque substances, 
jknd is abundantly transmitted by all such as are trans- 
parent and colorless^ and that it suffers no appreciable 
loss when the thici^ness of the plate is varied withio 
certain limits. The propeities of the heat therefore 
which issues from alum, ueai'ly approach to those of 
light and sol^ heat. 

Radiant heat in traversing various media is not only 
rendered more or le^s capable of being transmit|;ed a 
second time^ but, according to the experiments of Pro- 
fessor Powell, it becomes more or less susceptible of 
being absorbed in different quantities by black oi^ white 
surfaces. 

M. Melloni has proved that solar heat contains rays 
which are affected by different substances in the same 
way as if the heat proceeded from a terrestrial source ; 
whence he concludes that the difference observed be- 
tween the transmission of terrestrial and solar heat 
arises from the circumstances of solar heat containing all 
kinds of caloric, while in other sources some of the kinda 
are wanting. 

Kadiaut heat, from sources of any temperature what-r 
ever, is subject to the same laws of reflection and re- 
fraction as rays of light. The index of refraction from 
a prism of rock-salt determined experimentally, is nearly 
the same for light and heat. 

Liquids, the various kinds of glass, and probably all 
substances, whether solid or . liquid,..tbat do not crystal- 
ize regularly, are more pervious to the calorific rj^ygi 
according as they possess a greater refraqtivd power* 
For example, the chloride of sulphur, which has a high 
refractive power, transmits more of the calorific rays than 
the oils, which have a less refractive power : oils trans- 
mit more radiant heat than the acids; the acids mora 
than aqueous solutions; and the latter more than pure 
water, which of all the series has the least refractive 
power, and is the least pervious to heat. M. Melloni 
observed also, that each ray of the soUur spectrum follows 
the sapne law of action with that of teiTestrial rays hav- 
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ing their origin in sources of diiferent temperatures ; so 
that the very refrangible rays may' be compared to the 
heat emanating from a focus of high temperature, and 
tile least refrangible to the heat which comes from a 
source of low temperature. Thus if the calorific rays 
emerging from a prism be made to pass through a layer 
of water contained between two plates of glass, it will 
be found that these mys suffer a loss in passing trough 
the liquid, as much greater as their refrangibility is' less. 
The rays of heat that are jnixed with the blue or violet, 
light pass in great abundance, while those in the obscure 
part which follows the red light are almost totally inter- 
cepted. ' The first, therefoi^e,'act like the heat of a 
lamp, and the last like that of boiling water. 

These circumstances explain the phenomena observed 
by several philosophers will regard to the point of 
greatest heat in the solar spectrum, which varies with 
3ie substance of the prism. Sir William JEIerschel, 
who employed a prism ef fiint glass, Ibund that point to 
be a litt^ beyond the r^d extremity of the spectrum : 
but according to M. Seebeck, it is found to be upon the 
yellow; upon the orange, on the red, or at the dark 
&mit of die red, according as the prism consists of 
water, sulphuric acid, crown or flint glass. If it be 
recollected that in the spectrum from crown glass, the 
maximum heat is in the red part, and that the solar 
rays, in traversing a mass of water, suffer losses inversely 
as their refrangibility, it will be' eaBy to understand the 
reason of the phenomenon in question;: The solar heat 
which comes to the anterior face of the prism of water 
consists of rays of ail degrees of refrangibility. Now, 
the rays possessing the same index of refraction with 
the red light suffer a greater loss in passing through the 
pn«m than the rays possessing the refrangibility of the 
orange light, and the latter lose less in their passage than 
the heat of the yellow. Thus the bsses, being inversely 
proportional to the degree of refrangibility of each ray, 
cause the point of maximum heat to tend from the red 
toward the violet, and therefore it rests upon the yellow 
part. The prism of sulphuric acid acting similarly, but 
with less energy than that of water, throws the point of 
greatest heat on the orange ; for the same reason, the 
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crown and flint glass prisms, transfer that point respec- 
tively to the red and to its liniit. M. Melloni, observing 
that the maximum point of heat is transferred farther 
and farther toward the red end of the spectrum, ac- 
cording as the substance of the prism is more and more 
permeable to heat, inferred that a prism of rock-salt* 
which possesses a g^reater power of transmitting the 
calorific rays than any known body, ought to throw the 
poin^ of. greatest heat to a considerable distance beyond 
the visible part of the spectrum, — an anticipation which 
experim6iit fully confirmed, by placing it as much be- 
yond the dark limits of the red rays as the red part is 
distant from the bluish green band of the spectrurd. < 

In all these experiments, M. Melloni employed a 
thermo-jnultiplier, — an instrument that measures the 
intensity of the transmitted heat vnth an accuracy far 
beyond' what any thermometer ever attained. It is a 
very elegant application of M. Seebeck's discovery of 
thermo-electricity; but the description of this instrument 
IS reserved for a future occasion, because the principle 
on which it is constructed has not yet been explained. 

In the beginning of the present cehtury, not long after 
M. Mains had discovered the polarization of light, ho 
and M. Berard proved that the heat which accompanies 

. the sun's light is capable of being polarized ; but their 
attempts totally failed with heat derived from terrestrial, 
and especially from non-luminous sources. M. Berard, 
indeed, imagined that he had succeeded ; but when his 
experiments Were repeated by Mr. Lloyd and Professor 
Powell, no satisfactory result could be obtained. M- 

. Melloni lately resumed the subject, and endeavored to 
effect the polarization of heat by tourmaline, as in the 
case of light. It was already shown that two slices of 
tourmaline cut parallel to the axis of the crystal, trans- 
mit a great portion of the incident light when looked 
through with their axes parallel, and almost entirely ex^- 
clude it when they are perpendicular to one another. 
Should radiant heat be capable of polarization, the quan- 
tity tranismitted by the slices of tourmaline in their for- 
mer position ought greatly to exceed that which passes 
through them in the latter ,_yet M. Melloni found that 
the qulintity of heat was the same in both cases : whence 
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he inferred that heat from a terrestrial source is ijoca- 
pable~ of being polarized. Professor Forbes of Edin- 
burgh, who has recently prosecuted this subject with 
great acuteness and success, came to the same conclu- 
sion in the first instance ; but it occurred to him, that as 
the pieces of tourmaline became heated by being very 
near the lamp, the secondary radiation from them ren- 
dered the very small difference in the heat that was 
transmitted in the two positions of the tourmalines im- 
perceptible. The same conclusion had been come at 
by M. Melloni ; nevertheless Mr. Forbes succeeded in 
proving by numerous observa-tlons, that heat from vari- 
ous sources was polarized by the tourmaline ; but that 
the effect with non-luminous heat was very minute land 
difficult to perceive, on account of the secondary radia- 
tion. Though light is almost entirely excluded in one 
position of the tourmalines, and transmitted in the other, 
a vast quantity of radiant heat passes through them in 
all positions. Eighty -four per cent, of the>heat from an 
argand lamp passed through the tounQqahnes in the case 
where light was altogether stopped. It is only the dif- 
ference in the quantity of transmitted heat that gives 
evidence of its polarization. ; The second slice o( tour- 
maline, when perpendicular to the first, stops all the 
light, but transmits a great proportion of heat ; alum, on 
the contrary, stops almost ell the heat and transmits the 
light; whence it may be concluded that heat, though 
intiu^ately paitaking the nature of light, and accompany- 
ing it imder certain circumstances, ad in reflection and 
refraction, is capable of almost complete separation from 
it under others. The separation has since been per- 
fectly effected by M. Melloni, by passing a beam of light 
through a combination of water and green glass, colored 
by the oxide of copper.^ Even when the transmitted 
light was concentrated by lenses, so as to render it ahnost 
as brilliant as the direct light of the sun, it showed no 
sensible heat. 

Professor Forbes next employed two bundles of lam- 
inae of mica, placed at the ^polarizing angle, and so cut 
that the plane of incidence of the heat corresponded 
with one of the optic axes of this mineral. The heat 
transmitted through this apparatus was polarized when. 
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from a source whose temperature was even as low as 
200°, heat was also polarized by reflection ; but the ex- 
periments, though perfectly succeiasful, are more diffi- 
cult to conduct. 

It appears from the various experiments of M. Mel- 
lon! and Professor Forbes, that all the calorific rays emar 
nating from the sun. and terrestrial sources are equally 
capable of l^eing polarized by reflection and by refrac- 
tion, whether double or simple, and that they are also 
capable of circular polarization by all the methods ^ em- 
ployed in the circular polariz^ation .of light.. Plates of 
quartz cut at right angles to the axis of the prism, pos- 
sess the property of turning the calorific rays in any 
directidn, while other plates of the same substance from 
a differently modified prism cause the rays ,to rotate in 
the contrary direction ; and two plates combined, when 
of different affection, and of equal thickness, counteract 
each other^s efifects, as in the case of light. Tourmaline 
separates the caloric into two parts, one of which it ab- 
sorbs, while it transmits the other ; in short, the trans- 
mission of radiant heat is precisely similar to that of light. 

Since heat is polarized in the same manner as light, it 
may be expected that polarized heat transmitted through 
doubly refracting substances should be separated into 
two pencils, polarized in planes at right angles to each 
other; and that when received on an analyzing plate 
they should interfere and produce invisible phenomena, 
perfectly analogous, to those described in Section XXII. 
with regard to light (N. 212). 

It was shown in the same section, that if light polar- 
ized by reflection from a pane of glass be viewed through 
a plate of tourmaline, with its longitudinal section verti- 
cal, an obscure cloud, with its center wholly dark, is 
seen on the glass. When, however, a plate of mica 
uniformly about the thirteenth of an tnch in thickness 
is interposed between the tourmaline and the glass, the 
dark spot vanishes, and a succession of very splendid 
colors is seen; and as the mica is turned round in a 
plane perpendicular to the polarized ray, the light is 
stopped when the plane coiitaining the optic axis of the 
mica is parallel or perpendicular to the plane of polar- 
ization. Now instead of light, if heat from a non-lumi* 
T 
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nous source be polarized in the manner described, it 
ought td he transmitted and stopped by the interposed 
mica under the same circumstances under which polar- 
ized light would be transmitted or stopped. Professor 
Forbes has found that this is really the case, whether he 
employed heat from luminous or non-luminous sources : 
and he had evidence also of circular and elliptical polar- 
ization of heat. It therefore follows that if heat were 
visible, under similar circumstances we should see fig- 
ures perfectly similar to those given in Note 207, and 
those following; and as these figures are formed by the 
interference of undulations of light, it may be inferred 
that heat, like light, is propagated by undulations of the 
etheref^ medium, which interfere under ceitain condi- 
tions, and produce figures analogous to those of light. 
It appears also from Mr. Forbes's experiments, that the 
undulations of heat are probably longer than the undu- 
lations of light. 

Since the power of penetrating glass increases in pro- 
portion as the radiating caloric approaches the state of 
light, it seemed to indicate that the same principle takes 
the form of light or* heat according to the modification 
it receives, and that the hot rays are only invisible light; 
and light, luminous caloric. It was natural to infer, that 
in the gradual approach of invisible caloric to the condi- 
tion and properties of luminous caloric, the invisible 
rays must at first be analogous to the least calorific part 
of the spectram, which is at the violet extremity— an 
analogy which appeared to be greater, by all flame 
being at first violet or blue, and only becoming white 
when it has attained its greatest intensity. Thus, as 
diaphaoous bodies transmit light with the same facility 
whether proceeding from the sun or from a glowworm, 
and as no substance had hitherto been found which in^ 
stantaneously transmits radiant caloric coming from a 
source of low temperature, it was concluded that no 
such substance exists, and the great difference between 
the transmission of light and radiant heat was thus re- 
ferred to the nature ot the agent of heat, and not to the 
action of matter upon the calorific rays. M. Melloni, 
however, has discovered in rock-salt a substance which 
transmits radiant heat with the same facility whether it 
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originates in the brightest flame or lukewarm water, 
and which consequently possesses the same permeabili^ 
with regard to heat that all diaphanous bodies have for 
light. It follows, therefore, that the impermeability of 
glass and other substances for radiant heat arises from 
their action upon the calorific rays, and not from the 
principle of caloric. But althoi^gh tibis discovery changes, 
the received ideas drawn from M. de Laroche's experi- 
ments, it establishes a new and unlooked-for anisdogy 
between these two great agents of naturO. True it is 
that the separation of the luminous and calorific rays 
shows that they must owe their immediate origin to tvw) 
different causes,, at the same time it is quite possible 
that these two causes themselves may be only different 
effects of one single cause. The probability of light and 
heat being modifications of the same principle is not; 
diminished by the calorific rays being unseen, for the 
condition" of visibility or invisibility may only depend 
upon the construction of our eyes, and not upon the 
nature of the agent which produces these sensations in 
us. The sense of aeeing may be confined within certain 
limits. The chemical rays beyond the violet end of the 
9pectrum may be too rapid, or not sufficiently excursive 
in their vibrations to be visible to the human eye ; and 
.the calorific rays beyond the other end of the spectrum 
may not be suflSciently rapid, or tod extensive, in their 
undulations, to affect our optic nerves, though both may 
be visible to certain animals or insects. We are alto- 
gether ignorant of the perceptions which direct the car- 
tier-pigeon to his home, or of those in the antennsB of 
insects which warn them of the approach of danger; 
nor can we understand the telescopic vision which di- 
rects the vulture to his prey before he, himself is visible 
even as a speck in the heavens (N. 213). So likewise 
beings may exist on earth, in the air, or in the waters, 
which hear sounds our ears are incapable of hearing, 
and which see rays of light and heat of which we are 
unconscious. Our perceptions and faculties are limited 
to a very small portion of that immense chain of exist- 
ence which extends from the Creator to evanescence. 

The identity of action under similar circumstances is 
One of the stTongest arguments in favor of the common 
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nature of the chemical, visible, and calorific rays. They 
are all capable of reflection from polished surfaces, of 
refraction through diaphanous substances, of polarization 
by reflection and by doubV refracting crystals :' none of 
these rays add sensibly 'to the weight of matter; their 
velocity is prodigious; they may be concentrated and 
dispersed by convex and concave mirrors ; they^ pass 
with equal facility through rock-salt, and are capable of 
radiation; the chemical rays ar^ subject to the same 
law of interference with those of light; and although 
the interference of the calorific rays has not yet been 
proved directly, the indirect evidence places it beyond a 
doubt. As the Action of matter in so many cases is the 
same on the whole assemblage of rays, visible And 
invisible, which constitute a solar beam, it is more ^than 
probable that the obscure as w^l as the luminous port is 
propagated by the undulations of an imponderable ether, 
and consequendy comes under the same laws of analysis. 
When radiant' heat falls upon a surface, part of it is 
reflected and part of it is absorbed; consequently t^e 
best reflectors possess the least absorbing powers. The 
temperature of very transparent fluids is not raised by 
the passage of the sun^s rays, because they do not 
absorb any of them : and as his heat is very intense, 
transparent solids arrest a very small portion of it. 
The absorption of the sun's rays is the cause both of 
the color and temperature of solid bodies. A black 
substance absorbs all the rays of light and reflects none; 
and since it absorbs at the same time all the calorific 
rays, it becomes sooner wai^» and rises to a higher 
temperature than bodies of any other color. Blue 
li)odies come next to black in their power of absorption. 
Of all .the colors of the solar spectrum, the blue pos- 
sesses least of the heating power ; and siQce substances 
of a blue tint absorb all the other colors of the spectrum, 
they absorb by far the greatest part of the calorific rays, 
and reflect the blue where ^hey are least abundant. 
Next in order oome the green, yellow, red, and last of 
all, white bodies, which reflect nearly all the rays botb 
of light and heat. However, there are certain limpid 
and colorless media, which in some cases intercept 
calorific radiations and become heated, while in other 
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cases, they transmit them and undergo no change of 
temperature. 

All substances may be considered to radiate caloric, 
whatever their temperature may be, though with dif- 
ferent intensities, according to their nature, the state of 
their surfaces, and the temperature of the medium into 
which they are brought. But eveiy surface absorbs as 
well as radiates caloric ; and the poweV of absorption 
is always equal to that of radiation ; for under the same 
circumstances, matter which^ becomes soon wi^rm also 
cools rapidly. There is a constant tendency tb an 
equal diffusion of caloric, since every body in nature is 
giving and receiving- it at the same instant : each will be 
of uniform temperature when the quantities of caloric 
given and received during the same time are equal, — 
that is, when a perfect compensation takes place be- 
tween ^ each and all the rest. Our sensations only 
measure coiflparative degrees of heat: when a body, 
such fls ice, appears to be cold, it imparts fewer calorific 
rays than it receives i and when a substance seems to 
be warm, — ^for example, a fire, — it g^ves more caloric 
than it takes. The phenomena of dew and hoar-frost 
are owing to this inequality of exchange ; the calorie 
radiated during the night by substances on the surface 
of the earth into a clear expanse of sky is lost, and no 
return is made from the blue vault, so that their tem- 
perature sinks below that of the air, whence they 
abstract a part of that caloric which holds the atmos- 
pheric humidity in solution, and a deposition of dew 
takes place. If the radiation be great, the dew is 
frozeti and becomes hpar-frost, which is the ice,of deW. 
Cloudy weather is unfavorable to the formation of dew, 
by preventing^ the freB radiation of caloric ; and actual 
contact is requisite for its deposition, since it .is never 
suspended in the air like fog. Plants derive a great 
part of theit nourishment from this source ; and as each 
possesses a power of radiation peculiar to itself, they 
are capable of procuring a sufficient supply for their 
wemts. The action of the chemical rays imparts to all 
substancejs moi-O'or less the power of condensing vapor 
on those parts on which they fall, and must therefore 
have a considerable influence on the deposition of dew. 
t2 
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Rain is formed by tho mixing of two masses of air of 
different temperatures; the colder part, by abstracting 
from the other the heat which holds it in solution, occa- 
sions the particles to approach each other and form 
drops of water, ^which, becoming too heavy to be sus- 
tained by the atmosphere, sink to^the earth by gravita- 
tion in, the form of rain. The contact of two strata of 
air of different temperatures, moving rapidly in opposite 
directions^ occasions an abundant precipitation of rain. 
Wlien the masses of air differ very much in tempera- 
ture, and meet suddenly, hail is formed. This happens 
frequently in hot plains near a ridge of mountains, as in 
the south of France ; but no explanation has hitherto 
been given of the cause of the severe hail-storms which, 
occasionally take place on extensive plains within the 
tropics. 

An accumulation of caloric invariably produces light t 
with the ^exception of the gases, all bodies which can 
endure the requisite jdegi'ee of heat without decompo- 
sition be^n to emit light at the same temperature ; but 
when the quantity of caloric is so great as to render the 
aiHinity of their component particles less . than their 
affinity for the oxygen of the atmosphere, a chemical 
combination takes place with the oxygen, light and heat 
are evolved, and fire is produced. Combustion — so 
essential for our, comfort, and even existence — ^takes 
place very easily from the small affinity biBtween the 
component parts- of atmospheric lur, the oxygen being 
nearly in a free state ; but as the cohesive force of the 
particles of different substances is very variable, differ- 
ent degrees of heat are requisite to produce their com- 
bustion. The tendency of heat to a state of equal 
diffusion or equilibrium, either by radiation or contact, 
makes it necessary that the chemical combination which 
occasions combustion should take place instantaneously ; 
for if the heat were developed progressively, it would 
be dissipated by degrees, and would never accumulate 
sufficiently to produce a temperature high enough for 
the evolution of flame. 

It is a general law that all bodies expand by heat and 
contract by cold. The expansive force of caloric has a 
constant tendency to overcome the attraction of cohesioo» 
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and to separate the constitueDt particles of solids and 
fluids ; by this sepaiation the attraction of aggregation is 
more and more weakenedf till at last it is entirely, over- 
come, or even changed into repulsion. By the continual 
addition of caloric, solids may be made to pass into liquid9, 
and irom liquids to the aeriform state, the. dilatation in- 
creasing witkthe. temperature ; and every substance ex- 
pands according to a law of its ovfu. Gases expand more 
than liquids, and liquids more than solids* > The expan- 
sion of air is more than eight times that of water^ and the 
increase in the bulk of water is at least forty-five times 
gi'eater than ^at of iron. Metals dilate uniformly from 
the freezing to the boiling points of the thermometer; 
the uniform expansion of the gases extends between still 
wider limits ; but as liquidity is a state of transition from 
the solid to the aeriform condition, the equable dilatation' 
of liquids has not so extensive a range. This change of 
bulk, corresponding to the variation of heat, is one of the 
most impoitant of its effects, since it furnishes the means 
of meas^nring relative temperature by the thermometer 
and pyrometer. The rate of expansion of solids varies 
at their transition to liquidity, and that of liquidity is no 
longer equable near theu*. change to an a,€riform state. 
There are exceptions however to J;he general laws of 
expansion ; some liquids have a maximum density corres- 
ponding to a certain temperature, and dilate whether that 
temperature be increased or dim&ished- For example 
— ^water expands whether it be heated above or cooled 
below '40°. Thd solidification of, some liquids, and es- 
pecially their crystalization, is always accompanied by an 
increase of bulk. Water dilates rapidly when converted 
into ice, and with a force sufficient to split the hardest 
substances. The formation, of ice- is therefore a pow- 
erful agei^t in the disintegration and decomposition of 
rocks, operating as one of the most eilicient causes of 
local changes in tl^e structure of the crust of the earth ; 
- of which we have experience in the tremendous ebotde- 
ments of mountains in Switzisrland. 

The dilatation of substances by heat, and their con- 
tf action by cold, occasion such irregularities in the rate 
of clocks and watcjies as would render them unfit for 
astronomical or nautical purposes, were it not for a very 
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beautiful application of the laws of unequal expansion. 
The oscillations of a pendulum are the same as if its 
whole mass were united in one dense particle, in a cer- 
tain point of its length, called the center of oscillation. 
If the distance of this point ^m the point by which the 
pendulum is suspended were invariable, the rate of the 
clock would be invariable also. The difficulty is to neu- ' 
tratize the effects of temperature, which is perpetually 
increasing or diminishing its length. Among many con- 
trivances, Graham^s compensation pendulum is the most 
simple. He employed a glass tube containing mercury. 
When the tube expands from the effects of heat, the 
mercury expands much more ; so that its surface rises 
a little more than the end of the pendulum is depressed, 
and the center of oscillation remains stationary.^ Har- 
nson invented a pendulum which consists of seven bars 
of steel and of brass, joined in the shape of a gridiron, 
in such a manner that if by change of temperature thp 
bars of brass raise the weight at the end of the pendu- 
lum, the bars of steel depress it as much. In general, 
only five bars are used ; three being of steel and two a. 
mixture of silver and zinc. The effects of temperature 
are neutMilized in chronometers upon the same princi- 
ple ; JBind to such perfectlbn are they brought, that the 
loss or gain of one second in twenty-four hours for two 
days running would render one unfit for use. Accuracy 
in surveying depends upon the conapensatioh rods em- 
ployed in measuring bases. Thus, tne laws o^ the une- 
qual expansion of matter judiciously applied have an 
immediate inftaence upon our estimation of time ; of 
the motions of bodies in the heavens, and of their fall 
upon the earth ; on our determination of the figure of 
the globe, and on our system of weights and' measures ; 
on our commer<^ abroad, and f the mensuration of our 
lands at home. 

The expansion Of the crystaline substences takes place 
under veiy different circumstances from the dilatation 
of such as are hot crystalized. The latter become both 
longer and thicker by an acession of heat, whereas M. 
Mitscherlich has found that the former expand differ- 
ently in different directions ; and in a particular instance, 
extension in one direction is accompanied by contraction 
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in luiQttiev* TbQ iotemal strAotnrB »f ciysta&sed mat- 
ter must be very peou^ar, thufi to modify the expansive 
power of heat, and so materially to influence the trans- 
mission of c«doric and the visible rays of the spectrum. 

Heat is propagated witli moise or less rapidity through 
all bodies; air is the worst conductor, and conseqtiently 
mitigates the severity of cold climates by preserving the 
heat imparted to the earth by the sun. Ou the con-, 
trary, dense bodies, espedally metals, possess the power 
of conduction in the greatest degree, but t^e^ transmis^* 
sion requires time. If a bar of iron twenty inches long 
be heated at one extremity, the caloric takes four min- 
utes in passing to the other. The partiple of the metal 
that is first heated comnmnicates its caloric to die sec- 
ond, and the deeond to the tMxl ; so that the temperature 
of the intermediate molecule at aay instant is increased 
by the excess of thfi temp^nture of the first above its ' 
own, and diminished bgr tii« excess of its owu tempera- 
ture above ttiat of tliB third: (Eiiab however wiH not 
be the temperature indicated by th&. thermometer, be- 
cause as #oon as the particle is more heated than the 
surrounding atmosphere, it loses its caloric by radiation, 
in proportion to the excess of. its actual temperature 
above t^t of the air. Tl^ velocity of the discharge is 
directly proportional to tfae^ temperature, and inversely 
as the length of the bar. Ajb ther^ are perpetual varia- 
tions in the temperature of all terrestrial sijdbstances and 
of the atmosphere, ftam. the rotation of t^ earth, and 
ks revolut^n round the sun, from combustion, friction, 
fermentation, electricity, and an infinity of other causes, 
the tendency to restore the equability of temperature 
by the transmission of caloric must maintain all the 
particles of matter in a state of perpetual oscillation, 
which will be more or less rapid accordyg to th^ con- 
clucting powers of the substances. From jSie motiota of 
tiie heavenly bodies about Haske axes, and also round the 
sun, exposing them to p^^petuaJ (Ganges of temperature, 
it may be inferred that similar causes wifi produce like 
effects in them too. The revolutions of the double stars 
ediow that they are not at rest; and though we are to- 
tally ignorant of the changes that may be g<^ing on in the 
naUilse and miUkms of other reinote bodies, § is hardly 
15 
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possible that they should be in absolute repose ; so that, 
as &r as our knowledge extends, motion seems to be a 
law of matter. 

Heat applied to the Burfkce of a fluid is i»t>pagated 
downward very slowly, the warmer and consequently 
lighter strata alwaya remaining at the top. This is the 
reason why the water at the bottom of lakes fed from 
alpine ch^Euns is so cold ; for the heat of the sun is trans- 
fused but a little^ way below the surface. When heat 
is applied below a liquid, the particles continually rise 
as tibey become specifically li^tdr, in. consequence of 
the caloric, and diffuse it tburough the mass, their place 
being perpetually supplied by those that are more dense. 
The power of conducting heat varies materially in dif- 
ferent liquids. Mercury Qonducts twice as fast as an 

. equal bulk of water, which is the reaspn why it appears 
to be so cold. A hot body diffuses its caloric in the air 
by a double process. The air in contact with it being 
heated and becoming lighter, ascends and' scatters its 
Caloric, while at the same time another portion is dis- 
charged in straight lines by the radiating powers of the 
surfiuie. Hence a substance cools more rapid^ in air 
tiian in Tacuo, because in the latter case the process is 
carried on by radiation alone. It is probable that the 

. earth, having qriginally been of very lugh temperature, 
has become cooler by radiation only. . The ethereal 
medium, must be too rar& to carry off much caloric. 

Besides the degree of heat indicated by the thermom- 
eter, caloric pervades bodies in an imperceptible or latent 
state ; and their capacity for heat is so various, that very 
different quantities of cak>ric are required to raise differ- 
ent substaJQces to the same sensible temperatbre ; - it is 
therefore evident that much of the caloric is absorbed, 
or becomes lcd;ent.and insensible to the th,ermometer. 
The portion of caloric requisite to raise a body to a given 
temperature is its specific heat ; but latent heat is thai 
portion of caloric which is employed in changing the state 
of bodies from solid to liquid, and from liquid to vapor. 
When a solid is converted into a liquid, a greater quan- 
tity of caloric enters into it than can be detected by the 
l^rmometer; this accession of cabric does not make 
the body warmer, though it converts it into a liquid, and 
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is die principal cause of its fluidity.^ Icereinains at the 
temperature of 32° of Fahrenheit till it has combined 
with or absorbed 140° of caloric, and then it jnelts, but 
without raising the temp€»rature of liie water above 32° ; 
so that water is a compound of ice and c^oric. On 
the contrary, when a liquid is converted into a solid, a 
quantity of caloric leaves it without any diminution of 
temperature. Water at the temperature^ of 32° must 
part with 140° of cciloric before it freezes. The slow- 
ness with which water freezes, or ice thaws, is a con- 
sequence of the time required to give .out or absorb 140° 
oflatent heat. A considerable degree of cold is often felt 
during a thaw, -because the ice, in its transition from a 
solid to a liquid state, absorbs sensible heat from the atmos- 
phere ,and other bodies, and by rendering it latent main- 
tains them at the temperature of 3^° while melting. Ac- 
cording to the same principle, vapoif is a. combination of 
caloric with a liquid. By the continued application of 
heat,' liquids are converted into vapor or steam, which 
is invisible «nd elastic Me common air. Under the 
ordinary pressure of the atnoosphere, .that is, when the 
barometer stands at 30 inches, water acquires a constant 
accession of he9.t till its temperature rises to 212° of 
Fahrenheit ; after that it ceases to show any increase 
in heat ,^ but when it has absorbed an additional 1000° of 
caloric it is converted into stea^. Consequently,^about r 
1000° oflatent heat exists in steam without raising its 
temperature, and steam at 212° must part with the/same 
quantity oflatent caloric when condensed into water. 
Water boils at different temperatures under different 
degrees of pressure. It boils a£ a lower temperature 
on the top of a moimtain than in the ^lain below, . 
because the weight of the atmosphere is less at the 
higher station. There is no limit to the temperature 
to which water might be raised ; it might even be made 
red-hot, could a vessel be found strong enough to resist 
the pressure. The expansive force of steam is in pro- 
portion to the tentperature at which the water boils ; it 
may therefore be increased to a degree that is only lim- 
ited by. our , inability to restrain it, and is the greatest 
power that has been made subservient to the wants of 
man. - < 
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It 16 found that the absolute quantity of lieat consumed 
in the process of converting water into steam is the sanm 
at whatever temperature water may boil, but' that the 
latent heat of steam is always greater exactly in the same 
proportion as its sensible heat is less. Steam raised at 
212^ under the ordinary pressure of the atmosphere, 
and steaoi raised at 180° under half that pressure, con- 
tain the same quantity of heat, with this difference, that 
the one has more latent heat and less seni^ible heat than 
the other. It is evident that the same quantity of heat 
is requisite for converting a given weight of watei* into 
steam, at whatever temperature or under' whatever 
pressure the water may be boiled ; and therefore in the 
steam engine, equal weights of steam at a high pressure 
and a low pressure are produced by the same quantity 
of fuel ; and whatever tlie pressure of the steam may 
he, the consumption of fuel is proportional to the quan« 
tity of water converted into vapor. -Steam at a high 
pressure exp^ds as soon as it comes into tlie air, by 
Which some of its sensible heat becomes ho^ent; and as 
it naturally has less sensible heat thui steam raised unde'r 
. low pressure, its actual temperatm-e is reduced so much 
that the hand may be plunged into it without injuiy the 
instant it issues from die orifice of a boiler. 

The elasticity or tension of steam, hke that of common 
air, varies inversely as its voltime ; that is, when the 
space it occupies is doubled, its elastic force is reduced 
one-half. The expansion of steam is indefinite ; the 
smallest quantity of water when reduced to the form of 
vapor, wiU occupy many millions of cubic feet ; a wonder- 
ful illustration of the minuteness of the ultimate parti- 
cles of matter ! The latent heat absorbed in the forma- 
tion of steam is given out again by its condensation. 

Steam is formed throughout the whole mass of ft 
boUing liqmd, whereas evaporation takes place only at 
the free surfieLces of liquids, and that under the ordinaiy; 
temperature and pressure of the atmosphere. There 
is a constant evaporation from the land land water all 
over the earth. The rapidity of its formation does not 
altogether depend upon the dryness of the air ; according 
to Dr. Dalton*s experiments, it depends also on the dif- 
ference between the tension of the vapor which is form- 
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ing an^ that which is already in the atmosphere. Ib 
calm weather, vapor accumulates ip the stratum of air 
immediately above the evaporating surfiice, an4 retards 
the formalaoii of more ; whereas a strong wind accele- 
rates the process, by oarzying off the vapor as sobn as 
it nses^ and making way for a snoceediDg portion of 
diyair, 

Tbie kfeeat heat of air and all elastic fluids may be 
forced out by sadden compression, likd squeezing water - 
eat of sponge. Thequantityof heat brought into action 
in this way is very wefl illustrated in the experiment of 
igmting a piece of timber by the sadden compressibn of 
au: by a piston thrust into a cylinder closed at one end : 
the development of heat on a stupendous scale is exhib- 
ited iu'fig^itiiingy probably produced in part by the violent 
oompsressioD o£ the Atmosphere, daring the passc^ of 
the electric fluid. Prodigious quantities of heat are 
eonstantiy becoming latent, or are disengaged by the 
chas^iea of condition to which substances aro liable in 
passing fiK)m the sbhd to the liquid, and from the liquid 
to the gaseous form, or the contrary, oopasioning endless 
vioissitsdes of temperature over the ^obe. 
. There «re many other sources of heat, soch as^ com- 
bustion, friction, and percussion, all of which are oaiy 
means of calling a power into evidence whic^ already 
exists. 

The applicfdaoD of heat to the various branches of the 
mechanical and chemical arts has, within a few years, 
effected a greater change in the condition of man than 
had been accomp&hed :in any equal period of his exist- 
ence. Armed by the expansion and condensation > of 
fluids with a power equal to thiat of the lightning kself, 
conquering time end space, he flies over plains, and trav- 
els on paths cut by human industry even throu^ moun- 
tains, with a velocit^^ and smoothness more like jdanetary 
than tezrestrial motion ; he crosses the deep in oppod- 
tion to wind and tide; by releiising the strain on the 
cable, he rides «t anchor fearless of tue storm ; he makes 
the elements of an: and water the carriers ef warmth, 
not only to iianitih winter ^m hisshome, but to adorn it 
even during the mow-storm with t^e blossoms of spring; 
and, like a maocian, he raises, from the gloomy and 
U 
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deep abyss of the mine, the sphrit of light to dispel the 
midnight darkness. 

It has been observed that heat, like light and sound, 
probably consists in the undulations of an elastic medium. 
All the principal phenomena of heat may actuaUy be 
illustrated by a comparison with those of sound* The 
excitation of heat and sound are not only similar but 
often identicid, as in friction and -percussion ; they are 
both communicated by contact and radiation ; and I>r. 
Young observes, that the effect of radiant heat in raising 
the temperature of a body upon which it falls, resembles 
the 63rmpathetic agitation of a string when the sound of 
another string which is in unison with it is transmitted 
through the air. Light, heat, sound, and the waves of 
fluids, are all subject to th^ same laws of reflection, and 
indeed their undulatory theories are perfectly similar. 
If, therefore, we may judge from analogy, the ondula- 
tiona-of some of the heat-producing rays must be less 
frequent than those of the extreme red of the solar spec- 
trum ; bujt 'the analogy is now perfect, since the inter- 
ference of heat is no longer a matter of doubt : hence 
the interference of two hot rays must produce cold ; 
darkness results from the interferenc^e of two undula- 
tions of light ; silence ensues firotn the interference of 
two undulations of sound ; and still water, or no tide, is 
the consequence of the interference of two tides. The 
propagation of sound, however, requires a much denser 
medium than that either of light or heat ; its intensity 
diminishes as the rarity of the air increases ; so that, at 
a veiy smaU height above tJie surface of th^ earth, the 
noise of the tempest ceases, and the thunder is heard 
no more in those boundless regions where the heavenly 
bodies accomplish their periods in ete|*nal and sublime 
silence. 

A consciousness of the fallacy of our senses is one of 
the most important consequences of the study of nature. 
This study teaches us that no object is seen by us in its 
true place, owing to aberration ; that the colors of sub- 
stances aret solety the effects of the action of matter upon 
light ; and that %ht itself, as well as heat and sound, are 
not real Ji>eing9, but mere modes of action coikimunicated 
to our perceptions by the nerves. The liuman frame 
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may therefore be regarded as an ehstic syftem, the dif- 
ferent parts of which are capable of receiving the tremors 
of elastie media, and of vibrating in unison with any num* 
ber of superposed undulations, all of which have their 
perfect an^ independent effect. Here our knowledge 
ends; the nQrsterious influence of matter on mind y^. 
in all probalnHty be forever hid from man. 

.A series of experiments by Sir John Herschel has 
disclosed a new set of obscure rays in the solar spec- 
trum, which seem to bear die same relation to lliose of 
heat that the photographic or chemical rays bear to the 
luminous. They are situate in that part of the spec- 
trum which' is occu|Hed by the less refrangible visible 
colors, and have been named by their discoverer Parather-> 
mic rays. It must be held in remembrance that the 
region of greatest heat in the solar spectrum Mes in the 
dark vptce beyond the visible red. Now Sir John Her- 
schel found that in experiments with a solution of gum 
guaiacum in soda, which gives the paper a green color, 
die green, yellow, orange, and red rays of the spectrum 
invariably dischai^ed the color, while no effect was pro- 
duced by title extra-spectral rays of caloric, which ought 
to have had the greatest effect, had heat been the cause 
of the phenomenon. When an aqueous solution of 
chlorine was poured over a alip of paper prepared with 
gum guaiacum dissolved in soda, a color varying from a 
deep somewhat greenish hue to a fine celestial blue was 
given to it ; and when the soko* spectrum was titi* own 
on the paper while moist, the color was discharged from 
all the space under the less refran^le luminous rays, 
at the same time ijiat the more distant thermic rays 
beyoiid the spectrum evaporated the moisture from the 
space. on which they feU t so. that the heat spots became 
apparent. But the spots disappeared as the paper 
dried, leaving the surface unchanged ; while the photo- 
graphic impression within the visible spectrum' increased 
in intensity, the non-luminous thermic rays, though 
evidently active as to heat^ wpre yet incapable of effect- 
ing .that peculiar chemical change which other raysiiif 
much less heating power were all the time produoingif 
Sir John having ascertained that an artificial haateifnsnl 
180° to -280° of Fahrenheit changed thagmdnltiBK of 
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gain gmiaeam to its original yelkiw hae when moiit, 
but tiut it had no such effect when dry, he therefore 
tried whether heat from a hot iron applied to the back 
of the paper used in the laBt-mentioned experiment 
while nnder the influence of the^sohor spectram might 
not assist the action of the calorific rays ; but instead' of 
doing so, it greatly accelerated the discoloration orer the 
spaces oocnpied by the less refrangible rays, but had no 
edSect on the ^xtra-spectral^ region of maximum heat. 
Obscure terrestrial heat thei^fiire is capaUe of assisting 
and being assisted in effectmg this peculiar change by 
those rays of the. spectrum, whether luminous or ther- 
mic, which occupy itd red, yellow, and green re^^ons^ 
while on the other >hand it receives no such assistance 
£rom the purely thermic rays beyond, the spectrum 
acting nnder sinciilar cireumstances and in an e^lial state 
of condensation. ^ « 

The conclusions drawn from these experiments are 
confirmed by that which foQows : a {diotographic picture 
formed on paper prepared with a mixture of the solu- 
tions of ammonia-citrate of iron and ferro-sesquioyanite 
of potash in equal parts, then thrown into water and 
afterward dried, will be blue and negative, that is to 
say, the lights and shadows will foe the reverse of what 
they are in nature. If in this state the paper be washed 
with a solution of proto-nitrate of mercnryt the picture 
wifi be jUs^iarged : but if it be well washed ancl'dried 
and a hot smoothing iron passed over it, the picttire in* 
Btastly reappears, not hhie, but brown : if kept some 
weeks in tUs state in perfect darkness between the 
leaves of a portfolio, it Mes and almost entbrefy vanishes, 
but a fresh a{^hcation of heat restores it to its full origin' 
nal intensity. This curious change is not the effect of 
hght, at least not of tight alone. A certain temperature 
must be attained, and that sufiices in total dariuebs : yet 
on exposing to a very concentrated spectrum a sfip of the 
paper used in the last experin^ent, after the uniform 
blue color hiis been discfaai^d and a white groiind^left, 
this whiteness is dmnged to brown over the whole re> 
^on of the red and orange rays, but not beyond the 
luminous spectrum. 

Sir John thence conclude»— Ist. That it Is the heat 
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of these rajrs, nofe their light, whidi opoiMM lh« 
change; ddly. That this heat poBsemes a pecaUar 
chemical qualily which is not possessed by the purely 
calorifie rays outside. of the visible spectrum, though ftar 
more intense; and, 3dly. That the heat radiated from 
obscurely hot iron, abounds especialfy^ in rays anslogona 
to those of the region of the spectrum above indicated. 
. Another instance of tiiiese einguiar tniBsfonnalions 
' may be noticed. The pictures fonned on cyanotype 
paper, rendered more sensitive by t^e .addition of cor- 
rosB^e sublimate, are bhie on a white grouildand posi- 
tive, that is, the lights and shadows are the same as ul 
natur&» but by the ajqiiication of heat, the color is 
chiaiged £KOtn blue to brown, ianom positive to negative ; 
even by kee))iag in darkness the blue color is restored, 
as weir as t^ fodfive eharacter. Sir John attributes 
this asriin the former instance to certain rays, which re-* 
j^&rded as rays oi heat or light, or of some in^uenee mi 
generU accompanying the red and ora%e rays of the 
spectrumt mre alscK copiously emitted l^ bodies heated 
short of redness. He thinks.it probable that these. in- 
visible parathermic rays are the rays which radiate 
from molecule to molecule in the interior of bodies, that 
l±Ley determine the discharge of vegetable colors at the 
boilihff temperature, -and a&o the innumeraUe atomic 
transformations of organic bodies which take place at 
the "^mpevature below redness, that they are distinct 
from^ those of pure heatf and that they are sufficienlly 
identified by these characters to become legitimate ob- 
jects of scientific discussion. 

Tjie calorific and parathermic rays appear to be so 
intimately connected witii the discoveries of Messn. 
Draper and Moser that the subject of solar radiation 
would be impeifect were they omitted. The dis- 
covery of Daguerre shows that the action of Mght on 
the iodide of silver renders it capable of condensing the 
vapor of mercury which adheres to the parts afifected 
by it Professor Moser of KOnigsbei^ has proved that 
the dame efifect is produced by the isimple contact of 
bodies, and even by their very near juxta-position, and 
that in total darkness as. well as in light. This dis- 
covery he announced in the f(^wing words : . *' If a 
u2 
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sarface has been touched in any particular parts by any 
body, it acquires the property of precipitating all va- 
pors, and these adhere to it or combine chemic&y with 
it on those spots differently to what they do on the un- 
touched parts." If we write on a plate of glass or any 
smooth sur&use whatever with blotting paper, a brush, 
or anything else, and then clean it, the characters al- 
ways reappear if the plate or surface be breathed upon, 
and the same effect may be produced even on the sur- 
face of mercury ; nor is absolute contact necessary. If 
a screen cut in a pattern be held over a polished me- 
tallic surface at a small distance, and the whole breathed 
on : after the vapor has evaporated so that no trace is 
' lefft on the surface; the pattern comes out when it is 
breathed on again. 

Professor Moser proved that bodies exert a very de- 
cided influence upon each other,' by placing cotes, cut 
stones, pieces of horn, and other substances, a short 
time on a warm metallic plate; when the substance 
was removed no impression appeared on the plate till it 
was breathed upon or exposed to the vapor of mercury, 
and then these vapors adhered only to the parts where 
the substance had been placed, making distinct images, 
which in some cases were permanent after the vapor 
was removed. Similar impressions were obtained on 
glass and other substances even when the bodies wei'e 
not in contact, and the results were the same whether 
the experiments were performed in light or in. darkness. 

Mr. Hunt has shown that many of these phenomena 
depend on difference of temperature, and that in order 
to obtain good impressions dissimilar metals must be 
used. For example, gold, silver, bronze, and copper 
coins were placed on a plate of copper too hot to be 
touched, and allowed to remain till the plate cooled; 
all the coins had made ad impression, the distinctness 
and intensi^ of which was- in the ordei^of the metals 
named. When the plate was exposed to the vapor of 
mercury the result was the same, but when the vapor 
was wiped pff, the gold and silver coins only had left 
permanent images on the copper. These impressions 
are often minutely perfect whether the coins are in 
actual contact with tiie plate or \ of an inch above it. 
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Tfa^ mass of the metal has a material influence on the 
result ; a. lai^e copper coin makes a better in;ipressioD 
on a copper plate than a small silver coin.' When coins 
of different metals are placed on the same -plate they 
interfere with each other. 

When, instead of being heated, the copper plate 
was cooled, by a freezing mixture, and bad condpctors of 
heat laid upon it, as wood, paper, glass, &:c.,'the result 
was similar, showing that the phenomena cotild be pro- 
duced by any disturbance of the caloric latent in the 
substances. 

There can be no doubt that' these phenomena are 
uniyersal, since- all substances are more or less sensitive 
to light, which mui^t produce innumerable changes, in 
the nature of terrestrial things, especially in the vege- 
table tribe, by the power it gives of condensing vapor 
and consequently the deposition of dew. 

Ked and orange-colored media) sn^oked glass, and all 
bodies that transmit or absorb the calorific rays freely, 
leave strong impressions oii a plate^f copper whether 
they be in contact or ^ of an inch above the plate. The 
strongest proof that heat is concerned in «onie at least 
bf these phenomena is evident. For instance, a solar 
spectrum concentrated by a lens was thrown qu a pol- 
ished plate of co{^er aad kept on the same spot by a 
heliostat for one, two, or three hours ; when exposed 
to mercurial vapor a film oif the vapor covered >the plate 
where the difiiised light which always accompauies the 
solar spectrum had fallen ; on the obscure space occu- 
pied by the maximimi heating power pf Sir William 
Herschel, and also the great heat spot in the thennic 
spectrum of Sir John Herschel* the condensation of the 
mercury was so thick that it stood out a distinct white 
spot on the plate, while over the whole space that had 
been under the visible specti-um the guantity of vapor 
wa^Jnuch less than that which covered the odier parts, 
affording distinct evidence of a negative effect in the 
luminous spectrum, and of the' power of the calorific 
rays, whidi is not always confined to the surface of the 
metal, since in many instances the impressions are formed 
to a considerable depth- below it, and consequently are 
permanent. 
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Mr. Hunt olMervii^ that a bkc)E sabstance leayes a 
•IroDger mipr0B»k>ii on a xnetaUic surface than a white, 
applied the properly to the ni% of thermography, by 
iT^ieh he copies prints, tvDod-CQts, writing, and pnnting, 
on copper amalgamated on one surface and hi^Iy po^^* 
iiiiM, merely fay. placing the object to be copied 
smoothly on tiie metel and pressing it into close contieict 
l^ a plate of glass : after some honrs the plate is mjb* 
jected to the vapor of mercury and alberward t6 that of 
iodine, wheii a black and accunU^e impression of the 
object comes out on a gray ground. Effects similar to 
Ihose attributed to heat may also be produced by elec- 
tricily : Mr. Karsten, by placing a glass plate upon one 
of metal, and on the glass, plate k medal subjected to 
discharges of electricity, found a perfect image of. the 
medal impressed on the glass, w^ch could be brought 
into evidence by either mercury or iodine; and when 
several plates of glass- were interposed between the 
medal and tiie metallic plate, each plate of glass re- 
cmved an hnage on its upper surfiice after the passage 
of electrical discharges. These discharges have the 
remarks]^ power of restoring impressions that have 
been feng obliterated from plates by polishing ; a proof 
tliat the disturbmces upon which lliese phenomena 
depend are not confined to the- sur&ce of the metals, 
but that a very decided molecular ^change has taken 
place to a considerable depth. Mr. Hunt's experiments 
prove ^wt the electro*negadve^ metals make the most 
decided images upon electro^negative plates, and vice 
vend. M. Matteucci has shown that a discharge of 
electricity does not visibly afiect a polished silver 7>late, 
but that it produces an alteration whieh renders it capa^ 
ble of condensing vapor. 

M. FizelEU ascribes a numerous class of these phe- 
nomena to* tlie actk>n of a sli^t layer of orgtmic or &tty 
matter on the surfaces, wmch, being vblaole, is trans- 
ferred to anj body near, in a greater or less quantity ac^ 
cording to the distance; that is, according as the sur- 
face projects or sinks into hoUows^- When the different 
parts of a surface are unequally soiled by extraneous 
bodies, even in the minutest quanti^, the condensation 
of mercurial vapor is effected in a manner visibly dif- 
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ferent ob its different parts, aqd therefor^ images are 
formed. Although this explains various phenomena, it 
does not apply to,ttM>^Q afaready described, as Mr. Hunt 
had taken the precaution to divest the substances he 
used of avery trac9 of organic matte?. 

It is difficult to see- to what cause Mr. Hunt's experi- 
ments on the reciprocal action of bodies iq total darkness 
can be attributed, unless perhaps to a constant radiation 
of some pecuSar princ^|e ^£^om their ^urfaces, which 
really seems to exist. * 

The impression of an engraving was made by laying 
it £^e downwards on a silver opiate iodized, and placing 
an amalgamated copper plate upon it : it was left in 
darkness fifteen hcyurs, when an impression of the en- 
graving had been made on the amalgamated plate, 
throu^ (he paper. 

As the same may be obtained on pltttes of , iron, zinc* 
or lead, it is evident that this result is not tljie effect of 
chemical rays. 

An iodized silver plate was placed in darkness with a 
coil of string laid on it, and^ with a polished silver plate 
suspended one eighth of an Inch above it ; after foiur 
hours they were exposed to the vapors of mercury, 
which became unifarmly deposited on the iodized plate, 
but on the silver one there Was a sharp image of die 
string, so that this image was fornied in the dark, and 
even without contact. Coins or other objects leave 
their impressions' in the same mannei: with perfect 
sharpness and accuracy, when brought out by v^or 
without contact, in darkness, and on simple metals. 

Heat, electiricity, and the evaporation of unctuous 
matter, may account for some of these phenomena, but 
others- clearly point at some unknown influence exerted 
between the surfaces of solid bodies, and affecting their 
molecular structure so 'as to determine the precipitation 
of vapors, an influence which in all probability will ulti- 
mately be found to be either the parathermic rays of 
Sir John Herachel, or intimately connected widi them. 
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/ Sbctiof XXVI. 

Atmoflpliere of the Planeta and the Moon — Constitatiim of the Son— Esti- 
mation <rf the San*s Kight— His Influence on the difibxent Planeta— 
Temperatoxe of Spaoe --Intenial Heat of the £arth— Zone of Constant 
Temperature — ^Heat increases with the Depth— Heat in Mines and 

' Wells— Thermal Springs— Central Heat— Volcanic Action— The Heat 
abore the Zone of Constant Temperature. entirely from the Sim— The 
Quantity of Heat annually reoeired from the Sun— Isoceothermal Lines 
— Distabution of Heat on the Earth — Climate — ^Line of Perpetual Con- 
gdation — Causes affecting Climate— Isothermal Lines — ^Excessive Cli- 
mates—The same Quantity of Heat annually recMred and radiated by 
the' Earth. 

The ocean of light and heat perpetually flowing from 
the sun, must affect the bodies of the ^stem very differr 
endy, on account of the varieties in their atmospheres, 
some of which appear to be very extensive and dense. 
According to the observations of SchrOeter, the atmos- 
phere of Ceres is more than 668 miles high, and that of 
r alias has an elevation of 465 miles. These must re- 
fract the Ught and prevent the radiation of heat like our 
own. But it is remarkable that not a trace of atmosphere 
can be perceived in Vesta. The action of the sun's rays 
must be very different on such bodies from what it is 
on the earth, and the heat imparted to them quickly 
Tost by radiation ; yet it is impossible to estimate their 
temperature, since the cold may be counteracted by 
their central heat, if, as there is reason to presume, they 
have originally been in a state of fusion, possibly a£ 
vapor. The attraction of the earth has probably de- 
prived the moon of hers ; for the refractive power of 
the air at the surface of the earih is at least a thousand 
times as great as refraction at the surface of the moon. 
The lunar atmosphere, therefore, must be of a greater 
degree of rarity than can be produced by our best aif- 
pmnps ; consequently no terrestrial animal could exist 
in it. This was confirmed by M. Arago's observations 
during the last great solar eclipse, when no trace of a 
lunar atmosphere was to he seen. 

The sun has a very dense atmosphere, which is 
probably the cause of the peci^liar phenomena in his 
photographic image already mentioned. What his body 
may be, it is impossible to conjecture ; but he seems to 
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be surrounded by a motded ocean of ^ame, through 
which his dark nucleus appears lik» black iftpots often of 
enormous size. These spots are almost always comr 
prised within a zone of the sun^s surface, whose breadth, 
measured on a Qolar meridian, does not extend beyond 3,0^^ 
on each side of his equator, thouj^ they have been seen 
at the distance of 39i°. From their exten3iye and rapid 
changes, there is every reason to suppose that the exte^ 
rior and incandescent part of the sun is gaseous. The 
solar rays, probably arising from chemical processes that 
continually take place at his surface^ or from electricity, 
are transmitted thrdugh fi^pace in all directions ; but not- 
withstanding tha sun's magnkude, and the inconceivable 
heat that must exist at his surface, as the intensity both 
of his light and heat diminishes as the square of the xlis- 
tance increases, his kindly influence can hardly be felt 
at the boundaries of our system, or at all events it must 
be but feeble. 

The direct light of the sun has been estimated to be 
equal to that of 5563 wax candles of moderate si^e, sup- 
p<)sed to be placed at the distance of one foot from the 
object. That of the moon is probably only equal to the. 
light of one candle at the distance of twelve feet. Con- 
sequentiy the light of the sun is more than three hundred 
thousand times greater than iSofit of the moon. Hence 
the light of the moon imparts no heat. Professor Forbes 
. is convinced by recent experiments that the durect light 
of the moon is incapable of raising a thermometer one 
three-hundred-thousandth part of a centigrade degree, 
at least in this cUmate. The intensity of the isun's light 
diminishes Irom the center to the circumference of tiie 
solar disc. 

In Uranus, the sun must be seen like a small but bril- 
liant star, not above the hundred and fiftieth part so 
bright as he appears to us ; but that is 2000 times hrighter 
than our moon ; so that he is really a sun to Uranus, 
and may inipart some degree of warmth. But if we 
consider that water would not remain fluid in any part 
of Mars, even at his equator, and that in the temperate 
zones of the same planet even alcohol and quicksilver 
^ould freeze, we may form some idea a£ the cold thai 
must reign in Uranua. ' . 
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. The elimaCft of ViuiBa niater neariy. reimibtoB that of 
tke eavth, thou^ ezcdptiiig perhaps at her potes, mudi 
loo hot for animal and vegeSable yife as tbfiy exist here ; 
hut in Mercury^ the mean heat arismg oaiy &om the 
intensity of the sun's rays must he above that of boihng 
quicksilyer, and water would bo^ even at his pdesk 
Thus the planets^ thou^ kindred with the earth in mo* 
tion and structure, are totally unfit for the habitation of ^ 
sueh a; being as man, unless, indeed, their temperature 
should be modified by cireumstanceii of whiph we are 
not aware, and whidi may increase or diminislL the 
sensible heat so as to render Uiem habitable.^ 

It is found by experience, that heat is developed in 
opaque and translucent substances hy their absqrptioUef 
solar bght, but that the sun's rays^ do not sensilUy alter 
Che temperature of perfectly transparent bodies throu^ 
which they pass. As the temperature of the pelludd 
planetary space can be but little affected by the passage 
of the sUa's light and heat, neither can it be sensibly 
raised by die heat now radiated from the earth ; conse* 
quently its temperature must be invariahle, at least 
woughout the extent of the solsor system. The at*^ 
mosphere, on the contrary, gradually inoreasing in den- 
sity toward the surface of &e earth, becomes less pel« 
lueidy and therefore gradually increases in temperatctre, 
both from the direct action of the sun, and from the ra- 
diation of the earth. Lambert; had proved that the ca^ 
paoity of the atmosphere for heat varies accoiding to the 
same law with its capacity for absorbing a ray of li|^t 
passing through it from the zenith, whence M. Svanberg 
found that the temperature of space is 68^ belotv the 
zero point of Fahrenheit's thermometer. From other 
researches, founded upon the rate and quantity of at- 
mospheric refraction, he obtained a residt which only 
difiers from the-preceding by half a degree. M. Fourier 
has arrived at nearly the sami^ conclusion from the law 
of the radiation of the heat of ^e terrestrial sphereid, 
on the hypothesis of its having neariy attained its limit 
of temperature in cooling down from its supposed prim- 
itive state of fusion. The difference in ttie result of 
these three methods, totally independent of ene another, 
only amounts to the fraction of a degree. 



d by Google 



Blt9t*XXYL INTERNAL BEAT OF TBE EABTH. 941 

The cold endured by .Sir Edward Pany one day in 
Melville Island was 55° below zero^ and &at suffered 
by Captain Back on the 17th of Januaiy, 1834, in 629 
46V of north latitude, was no less than 70° below the 
same point. However, M. Poisson attributes this-to ac- 
cidental circumstances,, and by a recent computation, he 
malces the temperature.of space to be 8^ abov^the zero 
of Fahrtiinheit. This he considers greatty to exceed the 
temperature of the exterior strata of the atmosphere, 
which he conceives to be deprived of their elastici^ by 
intense cold, and he thus accounts for the decrease at 
temperature at great elevations, and -for the' Umited ex- 
tent of the al^mosphere. 

Doubtless^ the radiation of all Ae bodies in the uni« 
verse maintains the ethereal medium at a higher tem- 
perature than it would otherwise have, and must event* 
ually increase it, but by a quantity so evanescent that it 
is hardly possible to conceive a time when a change will 
become perceptible. 

The temperature of space being so low, it becomes a 
matter of no smaU interest to ascertain whether the earth 
may not be ultimately reduced by radiation to the tem- 
perature of the surrounding medium ; what the sources 
of heat are ; and whether Siey be sufficient to compen- 
sate the loss, and to maintain the earth in a state fit for 
the support of -animal and vegetable life in time to come. 
All observations that have been made under ^e surface 
of the ground concur in proving that there is a stratum 
at the depth of £rom 40 td 100 feet throughout l^e whole 
earth, where the temper^nre is invariable at all times 
and seasons, and which differs but little from the mean 
annual temperature of the country above. According to 
M. Boussingault, indeed, that stratum at the equator is 
at the depth of little more than a foot in places sheltered 
from the direct rays of the sun ; but in our climates it 
is at a. much greater deptfe. In the ooarae of more than 
half a centoiry, the temperature of the earth at the 
depth of 90 feet in the caves of the Observatory at Paris 
has never been above or below 53° of Fahrenheit's ther- 
mometer, wluch is only 2"^ above the mean annual tem- 
perature at Paris. This zone, unaffected by the sun's 
xays from above^ or by the internal heat from below, 
16 X 
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senres as an origin whence the effects of the external 
hea^ are estimated on one side, and the internal temper- 
ature of the globe on the other. 

As edr)y as the year 1740, M* Oensanne discovered 
in the lead mines of Geromagny,^ three leagues from 
B6fort, that the heat of the ground increases with the 
depth belew the zone of constant temperature. A vast 
number of observations have bee^ made since that time 
inthe mines of £urope and America, by MM. Saussure, 
Daubuisson, Humboldt, Cordier, Fox, Reich, and others, 
which agree, without an exception, in proving that the 
temperature of the earth becomes higher in descending 
toward its center. The greatest depth that has been 
attained' is in the silver mine of Guamaxato in Mexico, 
where M. d^ Humboldt found a temperature of 98° at 
the depth of 285 fathoms ; the mean annual temperature 
of the couutry being only 61°. Next to that is the Pal- 
Qoath copper mine in Cornwall, where Mr. Fox's ther- 
mometer stood at 6Q° in a hole in the rock at the depth 
of 230 fethoms, and at 62° in water at the^ depth of 240 
fathoms, the mean annual temperature at the surface 
being about 50P. But it is needless to multiply exam- 
ines, all of which concur in showing that there is a, very 
great difference between the temperature in l^e interior 
of the earth and at its surface. Mr. Fox's observations 
on the temperature of springs which rise at profound 
depths in mines, afford the strongest testimony. He 
found, cpnsiderc^le streams flowing into some of the 
Cornish mines at the temperature of 80° or 90**, which 
is about 30° or 40° above that of the surface; and also 
ascertained that nearly 2,000,000 gallons of water are 
daily pumped from the bottom of the Poldice mine, 
which is 176 &thoms deep, at 90<^ or 100°. As this is 
higher than the warmtii of the human body, Mr. Fox 
justly observes that it amounts to a proof diat the in- 
creased temperature cannot proceed from the persons of 
Ihe wdrkmen employed in the mines. Neither can the 
warmth of mines be attributed to the condensation of 
the currents of afar which ventilate them.> Mr. Fox, 
whose opinion is of high authority in .these matters, 
states that even in the deepest mines, the condensation 
of the air would not raise the temperature more than 
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6*" or 6°, an^ that if the heat could b(e attributed to this 
cause, the seasons would sensibly affect the temperature 
of mines, which it appears they do not where the depth 
is great. Besides, the Cornish mines are generally 
ventilated by numerous shafts opening into the galleries 
from the surface or from a higher level. The air circu- 
lates ^eely in these, descending in some shafts and as- 
cending in others.. In all cases, Mr. Fox found that the 
upward currents are of a higher temperature than the 
descending currents ; sq much so, that in^ winter the 
moisture is often frozen in the latter ta a considerable 
depth; the circulation of air, therefore, tends to cool 
the mine instead of increasing the heat. Mr. Fox has 
also removed the objections arising from the compara- 
tively low temperature of the water in the shafts of 
abandoned mines, by .showing that observations in them, 
from a variety of ourcumstances which he enumerates, 
are too discordant to furnish any conclusion as to the 
acttiat heat of the earth. The lugh temperature ' of 
mines might be attributed to the effects of "the tii'es, 
candies,: and gunpowder Used by the miners, did not a 
similar increase obtain in deep wells, and in borings to 
great depths in search of water, where no such causes 
of disturbance ocCur. In a well dug with a view to 
discover salt in the canton of Berne, and long deserted, 
M. de Saussure had the most complete evidence of in- 
creasing heat. The same has been confirmed by the 
temperature of many wells, both in France and England, 
especially by the Artesian weUs, so named from a pecu- 
liar method of raising water first resorted to in Artois, 
and since become very general. An Artesian well obn- 
sii^ of a shaft of a few inches in diiuneter, bored into 
the earth till a spring is found. To prevent the water 
being carried off by the adjacent strata, a tube is let 
down which exactly fills the bore from top to bottom, in 
which the water rises pure to the surface. It is clear 
tiie water could not rise unless it had previously de- 
scended from high ground through the interior of the 
earth to the bottom of the well. It partakes of the 
temperature, of the strata through which it passes, and 
in every instance has been warmer in proportion to the 
depth of the well ; but it is evident that the law of in- 
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crease caanot be obtained in this manoer. Perbufw the 
most Mtisfactory experimeiils an reeord are those made 
by MM. August, de Ja Bive and P. Miu»et during the 
year 1633t in a boring for .water about a league &om 
Geneva, at a. {dace 318 feat above the level of thelake. 
The depth of the bor^ was 727 feet, and the diameter 
only between feur and five inches. No spring wasevw 
found ; but the shaft filled with mud, feom thi^ moistfBee 
of the ground mixing with. the eartii displaced. in boring, 
which was peculiar^ favorable fer the experimeols, as 
the temperature at eadi deptli may be eonsidered to be 
that of the particular stratmn. In this case, where none 
of the ordinary causes of disturbance cocdd exist, and 
where every precaution was employed by scientific and 
Experienced observers, the temperature was found, to 
increase regularly and unifermly with the depth at-the 
rate of about 1° of Fahrenheit for' every 52 feet. Pro- 
fessor Reich of Freyberg has found that tke mean of a 
great number of observations both in mines and wells is 
l^of Fahrenheit for every 5& feet of depth, and from 
M. Arago's observations in an Artesian well now boring 
in Paris, the increase is 1^ of Fahrenheit far eveary 45 
feet. Though there can be no doubt as to Ihe increase 
of temperature in penetrating the cmst of die earthy 
there is still much uncertainty as to the.law of increase, 
vMth varies witii the nature of the soil And odxer local 
circumstances ; but on an average, it has been estimated 
at the rate of 1° fer every 50 or 60 feet, which corre- 
sponds with the observations of >MM. Marcet and de la 
Bive. In consequence of the rapid increase of internal 
heat, thermal 'Springs, or such as are independent of 
volcanic aeti<m, rising from a great depth, must neces- 
aai^ be very rare and of a, high temperal;ure, and it is 
aetuslly feuxid that ndne -are so -kaw as 68°^of Fahren- 
heit: that of GhaudesAigues in Aitvergne is about 
136°. In many places warm water from Artesian wells 
will probably eonae intouae.for domestic purposes, and 
it is even now employed in manufactories^ at Wurtem- 
berg, in Alsace, and near Stutgaidt. 

It is hardly to be expeefeed that at present any infor- 
matien with regard to dte actual internal' temperature 
of the earth shoiild W obtained from tliattof the ocean. 
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otk aceount of the mobility of fluids, by wfaidb liie colder 
masses sink downward, while tliose tfaat are warmer 
rise to t];ie sar&ce. Nevertheless it may be stated, that 
the temperature of the sea decreases witli the depth 
between tiie trc^ics ; while on the. contrary, afl our 
noith«m>navigatoFs found that the temperature increases 
with the depd^ in the polar seas. The change talies 
place about the 70th parallel of latitude. Some ages 
hence, however, it may be known whether the ea^ 
has arriveid at a permanent state as to heat, by oomparing 
secular observations of the temperature of the. ocean if 
made at a great distaaice from the land. 

Should &e earth's temperature increase at the rate 
of !<* for every ^f^ feet, it is dear that at the depth of 
^6q miles the hardest substances must be in a state of 
foeion, and oiir gfobe must in that case either be encom- 
passed by.astratum of melted laipa at that depth, or it 
must be a Ml df liquid fire 7600 miles in diameter, in- 
closed in>A thin coating of sotfd matter ; for 200 miles 
are nothing when compared with the size of the earth* 
No doubt the form of the «8rth, as determined by the 
pendulum and arcs of fhe meridian, as well as by the 
motions of the meon^ indicatee original fluidity and> subse- 
quent consolidation and rednctioti of temperatm^ hjr ra- 
diation; but whether the kw/c^ increasing temperature 
is uniform at still greater depths than these already 
attained by man^ it is impossible to say. At afl eventE^ 
internal fluidify is not inconsistent ^vith the present 
state of the earth's sui&ce, since eBriky mattw is as 
bad a conduettn: of caloric ieui lava, which often retains 
its heat at a very little depth for years after its^ surface 
is co<^ Whatever the radiation of the earth might 
have been in former times, certain it is that it gees on 
very slowly in our days-;- 'for M. Fourier has computed 
diat the central heat is decreasing from radiation by 
only about the ^Vir^h part of a second in a century. If 
so, there can be no doubt that it will ultimately be dis- 
sipated; but as far as regards animal and vegetable life, 
it is of very little consequence whether the center of 
our planet be liquid fire or ice, since its condition in 
either case eoidd have no sensible efleet on the climate at 
its surface. The internal fire does net even impart heat . 
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enough to melt die snow at the poles, though so much 
nearer to the center than any other part of the globe. 

The hnmense extent of actiye volcanic fire is one of 
the causes of heat which must not be overlooked. 

The range of the Andes from Chili to the north of 
Mexico, probabh^ from Cape Horn to California, or even 
to New Madrid in the United States, is one vast district 
of igneous action, including the Caribbean Sea and the 
West Indian Islands on one hand ; and stretching quite 
across the Pacific Ocean, through the Potynesian Archi- 
pelago, the New Hebrides, the Georgian and Friendly 
Islands, on the other. "^ Another chain begins with the 
Aleutian Islands, extends 'to Kamtschalka, and from 
thence passes through the Kurile, Japanese, ai^d Phil- 
ippine Islands^ to the Moluccas* whence it spreads with 
terrific violence through the Indian Archipelago, even 
to the Bay of Bengal. Volcanic action may again be 
followed from the entrance of the Persian Gulf to Mad- 
agascar, Bourbon, the Canaries, and Azores. • Thence 
a oontinuotts igneous region extends through about 1000 

feographkaal miles to the Caspian Sea, including the 
f editerranean, and extending north and south between 
the 35th and 40th parallels of latitude ; and in central 
Asia a volcanic region occupies 2500 square geographical 
miles. The volcanic fires are developed in Iceland in 
tremendous force ; and the antarctic land recently dis- 
covered by Sir James. Ross is an* igneous formation of 
the boldest structure, fn>nL whence a volcano in high 
activity rises 12,000 feet above the perpetua] ice of 
these polar deserts, and within 19^° of the south pole. 
Throughout this vast portion of the world the subterra- 
neous fire is often intensely active, producing such vio- 
lent earthquakes and eruptions that their effects, accu- 
mulated during millions of years, may Accoujit for many 
of the great geological changes of igneous origin that 
have already taken place in the earth, and may occasion 
others not less remarkable, should 4ime — ^that essential 
element in the vicissitudes of the globe— be granted, and 
their energy last. 

Mr. Lyell, who has shown the power of existing causes 
with great ingenuity, estimates that on an average twenty 
eruptions take place annually in different parts of tho 
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world ; aiid many must occur or hove Jiappened, even on 
the most extbusive and awful scale, among people equally 
incapable of estimatmg their effects and of.reconling 
them. We should never have known the extent of the 
fearful eruption which took place in the island of Sum- 
bawa, in 1815, but for the accident of Sir Stamford Raf- 
fles having been governor of Java at the time. It began 
on the 5th of April, and d^d not entire^ cease till J^y. 
The ground was shaken through an area of 1000 miles 
in circumference ; thie tremors were felt in Java, the 
Moluc<^, a great part of Celebes, Sumatra, and Borneo* 
The detonations were heard in Sumatra, at the distance 
of 970 geographical miles in a stnught line ; and a(t Ter;- 
nate, 720 miles in the opposite Section. The most 
dreadAil whirlwinds carried men and cattle into the air ;' 
and witfl the exception of 26 persons, the whole popu- 
lation of the island perished to the amotmt of 12,000. 
Ashes were carried 300 miles to Java, in such quantities 
that the. darkness during the day was more prpfound 
than ever had been witnessed in the most obscure night. 
The lace of the country was changed by the streams of 
lava, ao^ hy the upheaving and sinking of the soil. The 
town of Tomboro was submerged, and water stood to 
the depth of 18 feet in4>laces which had been dry land. 
Ships grounded where they had ■ previously anchored, 
and (^hers could hardly penetrate the mass of cinders 
which floated on the swcSace of the sea fer several miles 
to the dejpth of two feet. - A catastrophe similar to this, 
though of less magnitude, took piace in the island of Bali 
in 1808, which was not heard of in Eurqpe till years 
afterward. The eruption of Coseguina in the Bay of 
Fonseoa, which began on the 19th of January, 1835, and 
lasted many days, was even naore dreadful and extensive 
in its effects than that of Sumbawa. The ashes during 
this eruption were carried by the upper current of the 
atmosphere as far north as Chiassa, which is upward 
of 400 leagues to the windward of that volcano. Many 
volcanos supposed to be extinct have all at once burst 
out with inconceivable violence. Witness Vesuvius, on 
historical record ; and the volcano in the island of St. 
Vincent in our own days, whose crater was lined with 
large trees, and which had not been active in the mem* 
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etry ci man. Vast tradta are of Tokaiii^ ori^ where 
volcanos have ceased to exist for agee. Whence it znay 
be inferred that in some phu^s the sii^ytorraneous fires 
are in die hi^est state of activity, in some they- are 
inert, and in oSiers they appear to be extinct. Yet there 
are few countries that are not subject to earthquakes of 
greater or less intensity ; the trehiors are propagated 
tike a sonorous unduli^on to such distances that it ie 
knpos^ble to say in what point they originate. In some 
recent instances th^ power must have l^n tremendous. 
In Sou^ America, so lately as 1822, an area of 100,000 
square miles, which' is equal in extent to the half >of 
France, was raised several feet above its present level ; 
a most able account of which is given in the ' Transac- 
tions of the Geological Society,' by an esteemed friend 
ef the author, Mrs. Graham, now Mrs. Calobtt, who 
was present during the* whole time of that formidable 
earthquake, whiah recunred at short intervals fm* more 
than two months, and who possesses talenta to i^pre- 
ciate, aftd had opportunities of observing, its effects 
under the most &vorable drcamstances at Yidparaisoy 
and for miles along the coast where it was most intense. 
A oofisiderable elevation of the land has again taAcen 
place Along the coast of ChiK, in donaequence of the 
violent eardtquake which happened on the SOth of Feb^ 
^aiy, 1^5. In 180.9^ a rid^ of l»ad stretching for 50 
miles across the deka of the Indus, 16 fb^lM-oad, was 
raised 10 feet Above the plain; ym t^a aiiecetint; of tliis 
marvelous evcfnt waa- ^recently brou^t to Europe by 
Mr. Burned. The reader is referred to Mr. Lyell's 
very ex<iel]6nt Work on geology, ah*eady mentioned, for 
most interesting details of the phenomena and extensive 
eifects of volcanos and eaithquiUces, too numerous to 
find a idacl9 here. It may however be mentioned, that 
innuuierable eartiiquakes aria from time to time shaking 
the solid crust of &e globe, and carrying destruction to 
distant regions, progressiyely though ^OWly accomplish- 
ing the great work of change. These terHMe engines 
of ruin, fitful aud uncertain as they may seem, must, 
like all durable phenomena, have a law;^which may in 
time be discovered by long-continued and aeoUrate ob« 
fiervations. 
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The shell of Yolcamc fire that giids the elobe at « 
smaH depth below our feet has been icttribated to diiier* 
eot caQ06s. By some it is supposed' to can|pnate in an 
ocean of ineandesoent matter, stifl existiiig ii\. the eon* 
tral abyss of the earth. Some conceive it to be super- 
ficial, and due to chemical action, in strata tft no verj 
l^eat depth when eonipared with the.sise of the globeL 
The mortf' so, as matter on a most extensive soile is 
^sing from old into new combinationsi which,, if rapadfy 
effected, are capable of producing the most intense heat. 
Accoiding to others; electricity, which is so nniversaU^ 
dMised in aU its forms thnmghbutthe earth, if not the 
immediate cause of the volcanic phenomena, at least 
determines the chemical afiinitiea that produce thear. 
It is dear -tiiat a subject so involved in mystery most 
give rise to machv speculation, in which every hypothe- 
ais is attended with difficulties that observation alone 
can remove. 

But the views of Mr. Babbage and Sir John Herschel 
on the general cause of volcanic action, and the changes 
in the equiUbiium of the internal heat of the globe, ac- 
cord more with the laws of mechanics and radiant caloric 
ttian vny that ha^e been proposed. The theory of these 
diisthignished philoso{^ers, formed independently of each 
otheif, is equalfy consistent with observed phenomena^ 
whether the earth be a soUd crust encompassing a nu- 
cleus of Hquid lava,^ or ^at there is merely a vast reser> 
voir or st^tum of melted matter at a moderate depth 
below the superficial crust. The author is indebted to 
the kindness of Mr. Lyell for the perusal of a most 
mteresting letter from Sir John' Heradiel, in ivhich he 
states his views on the subject. 

Supposing that the globe is merely a solid crust, res^ 
ing upon fluid or sen^-fluid mat^, whether extending 
to the center or not, the transfer of pressure from one 
port of its surface to another by the degradation of ex- 
isting continents, and the fiirmalaofi of new ones, would 
be sufficient to subvert the ecjnilibriuiii of heat in the 
interior, and occasion voldanic eruptions. For, since 
the internal heat of the earth i» transmitted outwaxds 
by radiation, an accession of new matter on any part of 
the sur&ce, like an addition of clothing, by keeping it in> 
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would rmae the temperatxire of tlie strala below, and in 
the coarse of ages would even reduce those at a great 
depth to a state of fusion. Some of tlie substances might 
be converted into gases ; and should the accumulation of 
new matter take place at the bottom of the sea, as is 
generall^rthe case, this lava would be mi^ed with water 
an a state of ignition in consequence of the enormous 
pressure of the ocean, and of the newl^ superimposed 
matter which would prevent it from expanding into . 
eteam. Now Mr. Ljell has shown with his usual talent, 
that the quantity of matter carried down by rivers from 
the sur&ce of the continents is comparatively trifling, 
and Hiat the great transfer to the bottom of the ocean is 
produced at the coast line by the action of the sea; 
nence, says Sir John Herschel, '* the greatest accumula- 
tion of locfJ pressure is in the central area of the deep 
flea, while the greatest local relief takes place along the 
abraded coast lines. Here then should occur tiie cl^ef 
volcanic vents.'' As the crust of the earth is much 
weaker on the coasts than elsewhere, it is more easily 
ruptured, and, as Mr. Babbage observes, immense rents 
might be produced there by its contraction in cooling 
down af|»r being deprived of a portion of its origimd 
thickness. The pressure on the bottom of the ocean 
would force a column of lava mixed with ignited water 
and gas 'to> rise through an opening thus mrmed, and, 
says Sir John Herschel, '* when the column attains sudh 
a height that the ignited water can become steam, tJie 
joint specific granty of the cohimn is suddenly dimin- 
ished, and up comes a jet of mixed steam and lava, till 
so much has escaped that the matter deposited at the 
bottom of the ocean takes a fresh beanng,twhen the 
evacuation ceases and the crack becomes sealed up.'* 

This theory perfectly accords with the phenomena of 
nature, since there are very few active vokanos at a dis- 
tance from the sea, and die exceptions that do occur 
are generally near lakes, or they are connected with 
volcanos on Uie maritime coasts. Many break out even 
in the bottom of the ocean, probably owing to some of tbe 
eupports of the superficial crust giving way, so tluit the 
steam and lava are forced up throu^ the fissuras. 
. Finally, Mr. Babbage observee that " in conseqoeoM 
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of changes continaally going on, by the ctestractioii of 
forests, the filling up of seas, the wearing down of ele- 
vated lands, the heat radiated from^the earfh's surface 
▼aries considerably at different periods. In.consequence 
of this VariatioD, and also in consequence of the covering 
up of the bottom of the sea by the detritus oT the lanc^ 
the sur&ces of eqiul temperature within the earth are 
continually changing their form, and exposing thick 
beds near the exterior to alterations of temperature. 
.The expansion and contraction -of these strata may form 
rents and veins, produce earthquakes, determine vol- 
canic eruptions,, elevate continents, and possibly raise 
mountain chains." 

The numerous vents for the internal heat formed by 
volcanos, hot springs, and the emission of steam so 
frequent in volcanic regions, np doubt maintain the tran- 
quiUify of the interior fluid mass, which seems to be 
perfectly inert unless when put in motion by unequal 
pressure. 

But to whatever cause the> increasing heat of the 
earth and the subterranean firds may ultimately be 
referred, ' it is certain that, except in some local in- 
stances, they have no sensible effect on the temperature 
of its surface. It may therefore be concluded that the 
heat of the earth above tne zone of uniform temperature 
is entirely owing to .the sun. 

The powenof tibe solar rays- depends much upon the 
manner in which they fall, as we readily perceive ijcom 
the different cliipates on our globe. The earth is about 
three millions of miles nearer to the sim in winter than 
in summer, but the rays strike the northern hemi- 
sphere more obliquely in winter than in the other half 
of the year. 

The observations of the north polar navigators, and 
those of Sir John Herscbel at the Cape' pf Good Hope, 
show that the direct heating influence of the solar rays 
is greatest at the equator, and that it. diminishes gradu- 
ally as the latitude increases. At the equator the 
maximum is 48|°^ while in Europe it has never ex- 
ceeded 29i°. 

M. Pouillet has estimated with singular ingenuity, 
ftom a series of observations mode by himself, Qiat the 



d by Google 



t 252 laOGBOTSEBMAL LI19£S. Bmetr.XXYl 

whole cpmatky of heat which the eardl receives annw- 
ally from the son is such as would be sufficient to meit 
a stratum of ice covering tiie whole globe 46 feet deep. 
Part of this heat is radi£:ed back into Space ; but by ftir 
the greater piort desoende into the eaitb during the 
summer, ' toward the zene of uniform temperature^ 
whence it returns to. the surface in the conrae of the 
winter, and tempers ^he oold of the ground and the at- 
mosphere in its passage to the ethepeai regions, whete 
it is lost, or rather where it combines with ibe radiation 
from the other bodies of the universe in maintaining 
the temperature of space. The snn*B power being 
greatest between the trojHcs, the caloric sinks deeper 
diere than elsewhere, and the depth gradually dimin- 
ishes toward the poles ; but the beat is also transnutted 
latemily from the wurmer to the colder strata nonh: and 
south of jthe equator, and aids in tempering the severity 
of the polar regions.^ 

The mean neat of the earth above the stratum- of 
constant temperature is detek*mined from tfaatof sinrings ; 
and if the spring be on elevated ground, the temperature 
is reduced by computation to what it would be at the 
level of the sea, assuming that the heat of the smi 
varies according to' the* same law as the heat of the^ 
atmosphere, which is about 1^ of Fahrenheit's ther- 
mometer for every 333*7 feet. From a eempaiison of 
the temperature of> numerous sprinos wilii that- of the 
air. Sir David Brewster concludes that there is a par- 
ticular line passing nearly through Berlin, at which tho 
temperature of springs^ and that of the atmosphere 
coincide ; that in approaching the arctic circle the tern" 
peratnre Df springs is alwdiys higher than that of the air, 
while proceeding toward the equator it is lower. 

Since the Warmth of the superficial strata of the earth 
decreases from the equator to the poles, there are mimy 
places in both hemispheres where the ground has the 
same mean temperature. If lines were drawn through 
ail those points in the upper strata of the globe which 
have the same mean annual temperature, they would 
be nearly parallel to the equator between the tropics, 
and would become more and more irregular and sinuous 
toward the poles. These are caUe<^ isogeothermal lines. 
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A, variety of local circon^rtaoc^s disturb, their pan^Ielism 
even between tbe^ tropic^. 

The teniperatiure of the |;rouQd at the equator m^ 
lower on the coasts and islands than in the interior of 
continents ; the warmest part is in the interior of Africa, 
but it is obviously affected by th^ nature of the aoil^ es* 
peciallj if it be volcanic. 

Much has .been done within a few years to ^iscertain 
the manner in which heat is distributed over the sur- 
face of our planet, and the variations of climate, which 
in a general view mean every change of the atmos* 
phere, such as of temperature, humidity, variations oi 
barometric pressure, purity of air, the serenity of th0 
heavens, the effects of winds, and electric tension. 
Temperature depends upon the property which all 
bodies possess more or less, of perpetuaJly absorbing and 
emitting or radiating heat. When the interchange is 
equal, th6 temperature of a body remains the same ; 
but when the radiation exceeds the absorption,, it be- 
comes colder, and vice versd. In order to determine 
the distribution of heat over the surface of the earth, it 
is necessary to find a standard by which the. tempera- 
ture in different latitudes may he compared. For that 
purpose it is requisite to ascertain by experiment the 
mean temperature of the day, of the month, and of the 
year, at as many places as possible throughout the 
earth. The annual average temperature may be £oun4 
by adding the mean temperatures of all the months in 
the year, aud dividing tibe sum by twelve. The average 
of ten or fifteen vears will give it with tolerable accu- 
racy ; for althou^ the temperature in any place may 
be subject to very great variations, yet it never deviates 
more than a few degrees from its mean state, which 
.consequently offers a good standard of comparison. 

If cUmate depended solely upon the heat of the sun^ 
all places having the same latitude would have the same 
mean annual temperature. The motion of the sun in 
the eoUptie indeed occasions perpetual variations in the 
length of the day, aud in the direction of the rays with 
regard to the earth ; yet, as the cause is periodic, the 
mean annual temperature from the sun's motion alone 
must be constant in each parallel of latitude. For it i^ 
Y 
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evident that the accumnlation of heat in the long days of 
summer, which is but little diminished by radiation 
during the short nights, is balanced by the small quan- 
tity of heat receiyed during the Short days in winter, 
and its radiation in t^e long frosty and clear nights. 
In fact, if the globe were everywhere on a levet with 
the surface of 3ie sea, and of uniform substance, so as 
to absoib and radiate heat equally, the mean heat of the 
sun would be regularly distributed over its surface in 
zones of equal annual temperature parallel to tlie equa- 
tor, from which it would decrease to each pole as the 
square of the cosine of the latitude ; and its quantity 
would only depend upon the altitude of the sun and 
atmospheric currents. Thfe distribution of heat, how- 
ever, in the same parallel, is very irregular in all lati- 
tudes except between the tropics, where the isothermal 
lines, or^the lines passing through places of equal mean 
annual temperature, are more nearly parallel to the 
equator. The causes of disturbaYice are very numerous : 
but such as have the greatest infli^ence, according to M. 
de Humboldt, to whom we are indebted for the greater 
part of what is known on the subject, are the elevation 
of the continents, the distribution of land and water 
over the surface of the globe exposing different absorb- 
ing and radiating powers ; the variations in the surface ' 
of the land, as forests,, sandy deserts, verdant* plains, 
rocks, 6cc. ; mountain-chains covered with massed of 
snow, which diminish the temperature ; the reverbera- 
tion of the 9un's rays in the valleys, which increases it; 
and the interchange of currents, both of air and water, 
which mitigates t£e rigor of climates ; the warm cur- 
rents from the equator softening the severity of the 
polar frosts, and the cold currents from the poles tem- 
pering the intense heat of the equatorial regions. To 
these may be added cultivation, though its influence 
extends over but a small portion of the globe, only a 
fourth part of the land being inhabited. 

Temperature decreases with the height above the 
level of the sea, as well as with the latitude. The air 
in the higher regions of the atmosphere is much cooler 
than that below, because the warm air expands as it 
rises, by which its capacity foriieat is increased, a great 
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proportion becomes latent, and les9 of it sensible. A 
portion of air at the siirface of the earth whose temper- 
ature is 70^ of Fahrenheit, if carried to the height of 
two miles and a half, would expand so much that its tem- 
perature would be reduced 50° ; and in the ethereal 
regions the temperature is 90° below the point of con- 
gelation. . 

The height at which snow lies perpetually decreases 
from the equator to the poles, and is higher in summer 
than in winter ; but it varies from many circumstances. 
Snow rarely falls when the cold is intense and the at- 
mosphere dry. Extensive forests produce moisture by 
their evaporation ; and high table-lands, on the contrary, 
dry and warm the air. In the Cordilleras of the Andes, 
plains of only twenty-five square leagues raise tiie tem- 
peralaireas much as 3° or 4° above what is found at the 
same altitude on the rapid declivily' of a mountain, con- 
sequentiy the line of perpetual snow varies according as 
one or other of these causes prevails. Aspect in gen- 
eral has also a great influence ; yet, according to M. 
Jacquemont, the line of perpetual snow is much higher 
on th^ northern than on the southern side of the Hima- 
laya mountains. On the whole, it appears that the meai^ 
height between the tropics at which the snow lies per- 
petually is about 15,207 feet above the level of the sea; 
whereas snow does not cover the ground continually at 
the level of the ocean till near the north pole. In the 
southern hemisphere, however, the cold is greater than 
in the northern. In Sandwich Land, between the 54th 
and 58th degrees of latitude, perpetual snow and ice ex- 
tend to the sea-beach ; and in the island of St. George's, 
in the 53rd degree of south latitude, which corresponds 
with the latitude of tiie central counties of England, per- 
petual snow descends 6ven to the level of the ocean. It 
has been shown that this excess of cold in the soathem 
' hemisphere cannot be attributed to the winter being 
lojiger than ours by 7| days. It is probably owing to 
the ice being more extensive at the south tiian the north 
pole, and to the open sea surrounding it, which permits 
the icebergs to descend to a lower latitude by 10° than 
they do in the northern hemisphere, at^ account of the 
nun^erous obatractiens opposed to them by the islands 
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and contiaeiits about the norlii p<^e. Icebergs bsMoid 
float farther to the seath 'than tiie Azores ; whereas 
Ihose that'Oomie firom the soirtih pole deaeendas far as. 
the. Cape of Good Hope, and ocaasioa a co&tioiiai ah* 
sorption cf heat iQ melting. ^ 

The influence of mountain-chains does not whotty 
depend upon the line of perpetual congelation. Thejr 
attract and condense the vapors floatmg in tE»:air, and 
send diem down in tonwnts of rain. They radiate lieat 
into the atmospbeie at a iowo: elevation, and increase 
the temperatiito of the valleys by the refle^iticm of the 
son's rays, and by the shelter they afford against pre^ 
vailing winds. Bnt on the coatraiy, one of the most 
general and powerful causes of cold arising from the vi* 
cinity of mountains, is the freezing curr^ts of wind 
which rush from their loily' peaks along the rapid decliv- 
ities, ohilling»the snirounding valleys : su(di is the^anfr 
ting north wind cidled the bise in Switaerland.^ 

Next to elevation, the difference in tlie radiating and 
absorbing powers of the sea and Jand has the .greatest 
influence in disturlnng the regular distribution of heat. 
The extent of the dry land is not above the fourth part 
of that of the ocean ; so that the. general temperature 
of the atmosphere, regazded as the result 'OftlM partial 
temperatures of the whole surface of the globe, is most 
powerfully modified by die sea. Besides, tl:^^ ocean 
acts more uniformly on the atmosphere than the divert 
sifted snr&ce of the scdid mass does, both by the equality 
of its curvature and its homogeneity. In opaque suht- 
stances' the accup(Lulation of heat is confined to the 
stratum nearest &e surface. The seas become less 
heated 4t their sur&ce than the land, beqause the solar 
rays, before being extinguished, penetrate the trans<- 
parent liquid to a greater depth and in greater numbers 
than in the opaque masses. On the odier hand, water 
has a oonsideBable radiating power, which, together 
with evaporatioif , ^vould reduce the surfiice of the ocean 
to a V&Fy low temperature, if the celd particles did not 
sink to the bottom on account of thw superior density. 
The seas preserve a considerable portion of the heat 
they receive in aununer, and firom tdieir saltness do not 
%eeze so soGtp as fresh water. So that in consequence . 
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of aU^ these circumstances, the ocean is not sabject to 
such Yariations of heat as the land ; and by impartiDg 
its temperature to the wine's, it diminishes the rigor of 
climate on the coasts and in the islands, which are 
never subject to such extremes of heat and cold as are 
experienced in the interior of continents, though they 
are liable to fogs and rain from the evaporation of the 
adjacent seas. On each side of the equator to the 48th 
degree of latitude, the surface of 'the ocean is in gene- 
ral warmer than the air above it. The mean of the 
difterence of the temperature at noon and midnight is 
about 1^*37, the greatest deviation never exceeding from 
0®«36 to 2°'16, which is much cooler than the air over 
the land. 

On land tha temperature depends upon the nature 
of the soil and its products, its habitual moisture or dry- 
ness. From the eastern extremity of 'the Sahara 
desert quite across Africa, the soil is almost entirely 
barren sand ; and the Sahara desert itself, without in- 
cluding Dafonr or Dongola, extends over an area of 
194,000 square leagues, equal to twice the area of the 
Mediterranean Sea, and raises the temperature of the 
air by radiation from 96° to 100°, which must have a 
most extensive influence. On the contrary, vegetation 
cools the air by evaporation and the apparent radiation 
of cold frohi the leaves of plants, because they absorb 
more caloric than they give out. The graminiferous 
plains of South America cover -an extent ten times 
greater than France^ occupying no less than about 
50,000 square leagues, which is more than the whole 
chain of the Andes, and all the scattered mountain- 
groups of Brazil. ' These, together with the plains of 
North America and the steppes of Europe and Asia, 
must have an extensive cooling effect on the atmosphere 
if it be considered that in calm and serene nights they 
cause the th^rmonieter to descend 12^ or 14°, and that 
in the meadows and heaths in England the absorption 
of heat by the grass is sufficient to cause the tempera- 
ture to sink to the point of congelation during the night 
for ten months in the year. Forests cool the air cdso 
by shading the ground from the rays of the sun, and by 
evaporation from the boughs. Hales found that the 
17 y2 
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leaves of a single plant o^ helianthus three feet high ex- 
posed nearly forty feet of surface ; and if it be con- 
sidered that.the woody Tegions of the river Amazons, 
and the higher part of the Oroonoko, occupy an area of 
260,000 square leagues, some idea may be. formed of 
the torrents of vapor which rise from the leaves of the 
forests bU over the globe. However; the frigorific 
effects of their evaporation are couuteracted in some 
measure by the perfect calm which reigns in the tropi- 
cal wildernesses. The innumerable rivers, lakes, pools, 
and marshes interspersed through the continents absorb 
caloric, and «ool the air by evapo)iition ; but oin account 
of the chilled and dense particles sinking to die bottom, 
deep water diminishes the cold of winter, so long as ice 
is not formed. , 

In consequence of the difference in the radiating and 
absorbing piwei-s of the sea and land, their configuration 
greatly modifies U^edistribution of heat over the surface 
of the globe. Under the equator only one-sixth part of 
the circumference is land ; and the superficial extent of 
land in the northern and southern hemispheres is la the 
proportion of three to one. The effect of this unequal 
division is greater in the temperate than in the torrid 
zones, for t)ie area of land in the northern temperate 
zone is to that in the southern as thirteen to one, where* 
as the proportion of land between the equator and each 
tropic is as five to four. It is a curious fact noticed by 
Mr. Gardner, that only one twenty-seventh part of the 
land of the globe' has Umd diametrically opposite to it 
This disproportionate arrangement of the solid part of 
the globe has a powerful influence on the temperature 
of the southern hemisphere. But b^esides these greater 
modifications, the peninsulas, promontories, and capes, 
running out into the ocean, together with bays and inr 
ternal seas, all affect temperature. To these may be 
added the position of continental masses with regard to 
the cardinal points. All these diversities of land ,and 
water influence temperature by the agency of the winds. 
On this account the temperatiire is^ lower on the eastern 
coasts both of the New and Old World than on tho 
western ; for considering Eui'ope as an island, the gen- 
eral temperature is mild in proportion as the aspect k 
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opeo to the western ocean, the superficial temperature 
of which, as far north as the 45th and 50th degrees of 
latitude, does not fall below 48° or 51° of Fahrenheit, 
even in the middle of winter. On the contrary, the 
oold of Russia arises* from its exposure to the northern 
and eastern winds. But the European part of that em- 
pire has a less rigorous climate than the Asiatic, because 
it does not extend to so high a latitude. 

. The interpositbn of the atmosphere modifies all the 
effects of the sun's heat^ The earth communicates its 
temperature so sbwly that M. Arago has occasionally 
found as much as from 14° to 18° of difference between 
the heat of the soil and that of the aur two or three 
iBches above it. 

The circumstances which have been enumerated, and 
many more, concur in disturbing the regular distribution 
of heat over the globe, and occasion numbeiiess local ir- 
regularities. Nevertheless the mean annual temperature 
becomes gcadually lowet from the equator to the poles. 
But the diminution of mean heat is most rapid between 
the 40th and 45tli degrees of latitude both in Europe 
and America, which accords perfectly with theory; 
whence it appears that the variation in the square of 
the cosine ofthe latitude (N. 123), which expresses the 
law of. the change of temperature, ^s a maximum to- 
ward the 45th degree of latitude. The mean annual 
temperature under the line in America is about 814° of 
Fahrenheit: in Africa it is said to be nearly 83°. ^The 
difference probably arises from the winds of Siberia and 
Panada, whose chilly influence is sensibly felt in Asia 
and America, even within 18° of the equator. 

The isothermal lines are nearly parallel to the equator, 
laXt about the 22d degree of latitude on each side of it, 
where they begin to lose their parallelism, and continue 
to do so more and more as liie latitude augments. 
With regard io the northern hemisphere, the isother- ^ 
mal line of 59° of Fahrenheit passes between Rome and 
Florence in latitude 43° ; and near Raleigh in North 
Carolina, latitude 36° : that of 50° of equal annual tem- 
perature runs through the- Netherlands, latitude 51°; 
and near Boston in the United States, latitude 42|° : 
that of 41° passes near Stockhohn, latitude 591° ; and 
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St. George^s Bay, Newfoundland, ktitttde 4S° : and 
lastiy, the line of 32°, the freesing point of water, passes 
between Ulea in Lapland, latitude 66°, and Table Bay, 
on the coast of Labrador, latitude 54°. 

Thus it appears that the isothermal lines, whick are 
nearly parallel to the equator for about ' 22°, afterward 
deviate more and morei From the observations of Sir 
Charles Xriesecke in Greenland, of Captain Scoresby in 
the Arctic Seas, and also from those of Sir Edward 
Parry and Sir John Franklin, it is found that the iso- 
thermal lines of Europe and America entirely separate 
in the liigh latitudes, and surround two poles of max- 
imum cold, one in America and the other in the north 
of Asia, neither of which coincides with the pole of t^e 
earth*8 rotation. These poles are both situate in about 
the 80th parallel of north 4atitude. The transatiantic 
pole is in the 100th degree of west longitude, about 
5° to the north of Sir Graham Moore^s Bay, in the 
Polar Seas ; and the Asiatic pole is in the 95tid degree 
of east longitude,, a little to the north of the Bay cfTai- 
mura, near ^the ' North-^aist Cape. According to the 
estimation of Sir David Brewster, from the observations 
of M. de Humboldt and Captains Parry and Scoresby, 
the mean annual temperature of the Asiatic pole is 
nearly 1° of Fahrenheit's thermometer, and that of the 
transatlantic pole about 3^° below zero, whereas he sup^ 
poses the mean anUual temperature of the pole of rota- 
tion to be 4° (nr 5°. It is believed'that two correspond- 
ing poles of maximum cold exist in the southern hemis- 
phere, though observations are wanting to trace the 
course of the southern isothermal lines with the same 
accuracy as the northern. 

The isothermal lines, or such as pass through places 
where the mean annual temperature of the air is the 
same, do not always coincide with the isogeothermal 
lines, which are those passing through places where the 
mean temperature of the ground is the same. Sir 
David Brewster, in discussing this subject, finds that 
the isogeothermal lines are ^ways parallel to the iso- 
thermal lines ; consequently the same general formuk, 
will serve to determine both, since the -difference is a 
constant quantity obtained by observation, and depend- 
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ing upon the distance of the place from the neutral iso- 
tlyBrmal line. These results are confirmed by the ob- 
servations of M. Kupffer of Kasan during his excursions 
to the north, which show that the European and the 
American portions of the isogeothermal tine of 32° of 
Fahrenheit actually separate^ and go round the two 
poles of maximum cold. This traveler remarked, also, 
that the temperature both of the air and of the soil de- 
creases most rapidly toward the 45th' degree of latitude. 

It is evident diat fdaces may have the same mean an- 
nual temperature, and yet differ materially in climate. 
Ii^ one, the winters, may be mild, and the summers cool ; 
whereas another may experience the extremes of heat 
and cold. Lines passing through places having the 
same mean summer or winter temperature, are neither 
parallel to the isothermal, tho/geothermal lines, nor to one 
another, and they differ still .more from the parallels of 
latitude. In Europe, the. latitude of two places which 
have the same annual heat never differs more than 8^ or 
9° ; whereas the difference in the latitude of those having 
the same mean winter temperature is sometimes as 
much as, 18° or 19*=*. At Kasaii in the interior of Rus- 
sia, in latitude 55^*48, nearly the same with -that of. 
Edinburgh, the mean annual temperature is about 37^*6 ; 
at Edinburgh it is 47^*84. At Kasan, the mean sum- 
mer temperature is 64°'84, and that of winter 2°'12; 
whereas at Edinburgh the mean summer temperature 
is 68°-28, and that of^ winter 38®'66. Whence it ^- 
pears that the difference of winter temperature is much 
greater than that of summer. At Quebec, the sum- 
mers are as warm as those in Paris, and grapes some- 
times ripen in the open air : whereas the winters are 
as severe a& in Petersburgh ; the snow lies five feet 
deep for several months, wheel carriages cannot be used, 
the ice is too hard for skating, travelmg is performed in 
sledges, and frequently on the ice of the river St. Law- 
rence. The cold at Mdville Island on the 15th of Jan- 
uary, 1820, accordmg to Sir Edward Parry, was 56^ 
below the zero of Fahrenheit's thermometer, only 3^ 
above the temperature of the ethereal regions, yet the 
summer heat in these high latitudes is insupportable. 

Observations tend to prove that all the climates of the 
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earth are stable, aild that their vicissitudes are only 
periods or bscillatioDS of more or less extent, which van- 
. ish in the mean annual temperature of a sufficient nunr- 
ber of years. This constancy of the mean annual temper- 
ature of the different places du the surface ojf the globe 
shows that the same quantity of Jieat, which is annually 
received by the earth, is annually radiated into space. 
Nevertheless a variety of causes may disturb the cl^ate 
oC a place ; cultivation may make it warmer ; but it is 
at the expense of some other place, which becomes 
colder in the same proportion. There maiy be a suc- 
cession of cold summers and mild winters, but in some 
other country the contrary takes place to eife6t the 
coriipensation ; wind, rain, snow, fog, and die other me- 
teoric phenomena, are the ministers employed to accom- 
plish the changes. The distribution of heat may vary 
with a variety of circumstances ; but the absolute quan- 
tity lost and gained by the whole earth in the course of 
a year is invariably the same. 



Section XXVII. 



lofluencfi of Temperatare on Vegetation — Vegetation Taties witl;i the Lati 
tude and Height above the Sea— Geographical DisCribmion of Land 
Plants— Distribution of Marine Plants— Corulliiies, Shell-fish, Reptilds, 
Insects, Birds, and Quadrapeda^VarietuBs of Mankind, yet Identic of 
Species. 

Th£ gradual decrease of temperature in the air and iii 
the ear£, from the equator to the poles, is clearly indi- 
cated by its influence on vegetation. In the valleys of 
the torrid zone, where the mean annual temperature is 
very high, and where there is abundance of light and 
moisture, nature adorns- the soil with all the luxuriance 
of perpetual summer. The paJm, the bombax ceiba, 
and a variety of magnificent trees, tower to the height 
of 150 or 200 feet above the banana, the bamboo, 3ie 
arborescent fern, and numberless other tropical produc- 
tions, so interlaced by creeping and parasitical plants as 
often to present an impenetrable barrier. But the 
richness of vegetation gradually diminishes with the tem- 
perature * the splendor of the tropical forest is succeeded 



d by Google 



skct.xxttl light REauisrriB for plants. Qi6Z 

by the regions of the oHve and vin^ ; these again yield 
to the verdant meadows of more temperate cltmes ; then 
follow the birch and the pine, which probably owe their 
existence in very high latitudes more to the warmth of 
the soil than to'that of the air. But even these enduring 
plants become dwarfish stunted shrubs, till a verdant 
carpet of mosses and Mchens; enanieled with flowers, 
exhibits the last sign of vegetable life during the short 
but fervent summers at the polar regions. Such is the 
effect of cold and diminished light on the vegetable king- 
dom, that the number of species growing under the 
line, and in the porthem latitudes of 45° and 68°, are in 
the proportion of the numbers 12, 4, and 1. Notwith- 
standing the remarkable difference J^etween a tropical 
and polar Flora, light and moisture seem to be almost the 
only, requisitiss for vegetation, since neither heat, cold, 
nor even comparative darkness, absolutely destroy the 
fertility of nature. In salt plains and sandy deserts 
alone, hopeless barrenness prevails. J?lants grow on the 
borders of hot springs — they form the oasis wherever 
moisture exists, among the burning sands of Africa-^- 
they are found in caverns almost void of light, though 
generally blanched and feeble. The ocean teems with 
vegetation. The snow itself not only produces a red 
alga, discovered by Saussure in the frozen declivities of 
the Alps, found in abundance by the authcnr crossing 
the Col de Bonhomme from Savoy to Piedmont, and by 
the polar navigators in the Arctic regions, but it affords 
shelter to the productions of those inhospitable climes 
against the piercing winds that sweep over fields of ever- 
kiting ice. Those interesting mariners ^ narrate, that 
-jnder this cold defence plants spring up, dissolve the 
snow a few inches round, and the part above being 
again quickly frozen into a transparent- sheet of ice, ad- 
mits the sun's rays, which warm and cherish the plants 
in this natural hot-house, till the returning sunmier ren- 
ders such protection unnecessary. 

The chemical action of light is, however, absolutely 
requisite for the growth of plants which derive their 
principal nourishment from the atmosphere. They con- 
sume carbonic acid gas, vapor, nitrogen, and the ammo- 
nia it contains ; but it is the chemical agency of light 
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that enables tbetn to absorb, decompose, and consolidate 
these substances into wood, leaves, flowers, and fniit. 
The atmosphere would soon be deprived of these ele« 
ments of vegetable life, were they not perpetually sup- 
plied by the animal creation ; while in return, plants 
decompose the moisture they imbibe, and having assim- 
ilated the carbonic acid gas, they exhale oxygen for the 
maintenance of the animated creation, and thus preserve 
a jusC equilibrium. Hepce it is the powerfi^l and com- 
bined influences of the whole solar beams that give such 
brilliancy to the tropical forests, while with their de- 
creasing energy in the higher latitudes, vegetation be* 
comes less ana less vigorous. 

By far the greater part of the hundred and ten thou- 
sand known species of plants are indigenous in £quinoctial 
America. Europe contains about hSif the number ; Asia 
with its islands, somewhat less than Europe; New 
Holland with the islands in the Pacific, still less ; and in 
Africa there are fewer vegetable productions than in 
any part of the globe of eqiud extent. Very few social 
plants, such asr grasses and heaths, that cover large 
tracts of land, are to be found between the tropics, ex- 
cept on the sea-coasts and elevated plains : some excep- 
tions to this, however, are to be met with in the jungles 
of the Deccan, Khandish, dec. In the equatorial regions, 
where the heat is always great, the distribution of plants 
depends upon the mean annual temperature; whereas 
in temperate zones the distribution is regulated in some 
degree by the summer heat. Some plants require a 
gentle warmth of long continuance, others flourish most 
where the extremes of heat and cold are greater. The 
range of wheat is very great : it may be cultivated as far 
norQi as the 60th degree of latitude, but in t&e torrid 
zone it wiD seldom form an ear below an elevation of 
4500 feet above the level of the sea, from exuberance of 
vegetation ; nor will it ripen above the height of 10,800 
feet, though much depends upon local circumstances. 
Colonel Sykes states that in the Deccan wheat thrives 
1800 feet above the level of the sea. The best wines 
are produced between the 30th and 45th degrees of 
noith latitude. With regard to the vegetable kingdom, 
elevation is equivalent to latitude, as far as temperature 
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is concerned. Is ascending the mountains of the torrid 
zone, the richness of the tropical vegetation dioiinishes 
with the height ; a succession of plants similar to, though 
not identical with, those found in latitudes of corre- 
sponding mean temperature takes place ; the lofty for- 
ests by degrees lose their splendor, stunted shrubs suc- 
ceed, till at last the progress of the lichen is checked by 
eternal snow. On the volcano of Teneriffe there are 
live successive zones, each producing a distinct race of 
plants. The first is the region of vines, -the next that 
of laurels; Uie^e are followed by the districts of pines, 
of mountain broom, and of grass ; the whole covering tiie 
declivity of the peak through an extent of 11,200 feet of 
perpendicul&r height. 

Near the equator, the oak flourishes at the heigh^ of 
9200 feet above the level of the sea, and oh the lofty 
range of the Himalaya, the primula, the convallarik, and 
l^e veronica blossom, but not the primrose, the lily of 
the valley, or the veronica which adorn our meadows : 
for although the herbarium collected by Mr. Moorcroft, 
on his route from Neetee to Daba and Qarlope in Chi- 
nese Tartary, at elevations a$ high or even higher ^n 
Mont. Blanc, abounds in AI|nne and Eurc^an genera, 
the species are universally different, with the sin^e 
' exception of the rhodiola rosea, which is identical with 
tiie speciea that blooms in Scotland. It is not in this 
instance alone that similarity of climate obtains without 
identity of productions ; tiiroughout.the whole globe, a 
certain analogy both, of structure and appearance is fre- 
quently discovered hetween plants uiitder corresponding 
circumstances, which are yet specifically diflferent. It 
is even said that a distance of 25° of latitude occasions a 
total change, not only of vegetable productions, but of 
organized beings. Certain it is, that each separate re- 
gion both of land and water, from the frozen shores of 
the polar circles to the burning regions of the torrid 
zone, possesses a Flora of species peculiarly its own. 
The whole globe has been divided by botanical geogra- 
phers into twenty-seven botanical districts differing al- 
most entirely in their specific vegetable productions ; the 
limits of which are most decided when they are sepa- 
rated by a wide expanse of ocean, mountain-chains, 
Z 
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sandy deserts, salt plains, or internal seas. A consider- 
able number of plants are common to the northern re- 
gions of Asia, Europe, and America, where the contkients 
almost unite ; )but in approaching the south, the Floras 
of these three great divisions of the globe- differ more 
and more even in the same parallels oif latitude, which 
shows that temperature alone is not the cause of the al- 
most complete diversity of species that everywhere pre- 
vails. Th^ Floras Of China, Siberia, Tartary, of die 
European district including Central Europe, and the 
coast of the Meditei-ranean, and the Oriental region, 
comprising the countries round the Black' and Caspian 
Seas, aU differ in specific character. Only twenty-four 
species were found by MM. Bonpland and Humboldt in 
Equinoctial America identical with those of the old 
world: and Mr. -Brown not only found that a peculiar 
vegetation exists in New HoUaud, between th^ 33d and 
35th parallels of south latitude, but that, at the eastern 
and westerh extremities of these parallels, not one spe- 
cies is common to both, and that certain genera also are 
almost entirely confined to these spots. The number of 
species common to Australia and Europe are only 166 
out of,4100, and probably seme of these have been con- 
veyed thither by the colonists. This proportion exceeds 
what is observed in Southern Africa, and from what has 
been already stated, the proportion of European species 
fn Equinoctial America is still less. 

Islands partake of the vegetation of the nearest con- 
tinents, but when very remote from land their Floras 
are altogether peculiar. The Aleutian Islands, extend- 
ing betwe/n Asia and America, partake of the vegeta- 
tion of the northern parts of both these continents, and 
may have served as a channel of commbnication. In 
Madeira and TenerifFe, the plants of Portugal^ Spain, 
the Azores, and of the north coast of Africa are found ; 
and the Canaries contain a great number of plants be- 
longing to the African coast. But each of these islands 
possesses a Flora that exists nowhere else; and St. 
Helena, standing alone in the midst of the Atlantic 
Ocean, out of sixty-one .indigenous species, produces 
only two or three recognized as belonging to any other 
part of the worid. 
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It appears from the investigations of M. de Humboldt, 
that between the tropics the monocotyledonoas plants, 
such as grasses and pahns which have only one seed- 
lobe, are to the dicotyledonous tribe, which have two 
seed-lobes like most of the European species, in the 
proportion of one to four ; in the temperate zones they 
are as one to six; and in the Arctic regions, where 
mosses and lichens which form the lowest order of the 
vegetable creation abound, the proportion is as one to 
two. The annual monocotyledonous and dicotyledonous 
plants in the temperate zones amount to one-sixth of 
the whole, omitting the Crjrptogamia (N. 214) ; in the^ 
torrid zone they scarcely form one-twentieth, and in 
Lapland one-thirtietih part. In < approaching the equa- 
tor, the~ ligneous exceed the number of herbaceous 
plants, in America there are a hundred and twenty 
different species of foroBt trees, whereas in the same 
latitudes in Europe only thirty-four are to be found. 

Similar laws appear to regulate the distribution of 
marine plants. , M. Lamouroux has discovered that the 
groups of algsB, or marine plants, aifect particular tern*- 
peratures or zones -of latitude, though some few genem 
prevail throughout the ocean. The polar Atlantic basin, 
to tiie 40th degree of north latitude, presents a well-de- 
fined vegetation. The. West Indian seas, including the 
Gulf of Mexico, the eastern coast of South America, the 
Indian Ocean and its gulfs, the shores of New HoUand, 
and the neighboring islands, have each their distinct 
species. The Mediterranean possesses a vegetation 
peculiar to itself, extending to the Black Sea ; and the 
species of marine plants on the coast- of ^tHa and in 
the port of Alexandria differ almost entirely n*om those 
of Suez and the Red Sea, notwithstanding the proxim- 
ity of their geographical situation. It is observed that 
shallow seas have a different set of plants from such as 
are dee|}er and colder; and, like ^ terrestrial vegetation, 
the algae are most numerous toward the equator, where 
the quantity must be prodigious, if we may judge from 
the gulf-weed, which certainly has its origij^ in the 
tropical fieas, and is drifted, though not by the gulf- 
sti^eam, to hi^er latitudes, where it accij^mulates in such 
quantities, that the earfy Portuguese navigators, Colum- 
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bos and Lerias, compared the sea to extensively iniin- 
dated meadows, in which it actually impeded their ships 
and alarmed their sailors. M. de Hamboldt, in his 
Personal Narrative, mentions that the most extensive 
bank of sea-weed is in the northern Atlantic, a little 
west pf the meridian of FayaJ, one of the Azores, be- 
tween the 25th and 36th degrees of latitude. Vessels 
returning to Europe from Monte Video, or from the 
. Cape of Good Hope, cross this bank nearly at an equal 
distance from the Antilles and Canary Islands. The 
other bank occupies a smaller space, between the 22d 
and 26th degrees of north latitude, about eighty leagues 
west of the meridian (^ the Bahama Islands, and is gen- 
erally traversed by vessels on their passage from the 
Caicos to the Bermuda Islands. These masses consist 
chiefly of one or two species of Sargassum, the most ex- 
tensive genus of the order Fucoideae. 

Some of the searweeds^grow to the enormous length 
of several hundred feet, and all are highly colored, 
though many of them must grow in the deep caverns of 
the ocean, in total or almost total darkness ; light how- 
ever may not be the only principle on which the color of 
vegetables depends, since M. de Humboldt met with 
green plants growing in complete darkness at the bottom 
of one of the mibes at Freyberg* 

It appears that in the dark and traiiquil caves of the 
ocean, on the shores alternately covered and deserted by 
the restless waves, on the lofty mountain and extended 
plain, in the chilly regions of the north and in the genial 
warmth of the south, specific diversity is a general law 
of the veg^ble kingdom, which cannot be accounted for 
by diversity of climate : and yet the^ similarity, though 
not identity, of species is such, under the same isother- 
mal lines, that if the number of species belonging to one 
of the great families of plants be known in any part c^ 
the globe, the wliole number of the phanerogamous or 
more perfect plants, and also the number of species com- 
posing the odier vegetable families, may be estimated 
with considerable accuracy. 

Various opinions have been formed on the original or 
primitive dbtribution of plants over the sur&ce of the 
globe ; but since botanical ge<^raphy became a regular 
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science, the phenomena observed have led to the con- 
elusion that vegetable creation mast have taken place in 
a number of distinctly different centers, each of which 
was the original seat of a certain number of peculiar 
species, which at first grew there and nowhere else. 
Heaths are exclusively confined to the Old World, and 
no indigenous rose-tree has ever been discovered in the 
New; the whole southern hemisphere being destitute 
of that beautiful and fragrant plant. But &is is still 
more confirmed by multitudes of particular plants hav^ 
ing an entirely local and insulated existence, growing . 
spontaneously in some particular spot and in no other 
place ; for example, the cedar of Lebanon, which grows 
indigenously on that mountain, and in no other part of 
the world. On the other hand, as there can be no doubt ' 
but that many races of plants have been extinguished, 
Sir John Herschel thinks it possible that these solitary 
instances may be the last surviving remnants of the 
same groups universally disseminated, but in course of 
extinction ; or that perhaps two processes may be going 
on at the same time ; '* some groups may be spreading 
from their foci, others retreating to their last strong- 
holds." 

The same laws obtain in the distribution of the ani- 
mal creation. The zoophyte (N. 215), occupying the 
lowest place in animated nature, is widely scattered 
through the seas of- the torrid zone, each species being 
confined to the district best fitted to its existence. 
Shell-fish decrease in size and beauty with their dis- 
tance from the equator ; and as far as is ^|own, each 
sea has its own kind, and every basin of thlBfean is in- 
habited by its peculiar tribe of fish. Indeed WM. Peron 
and Le Sueur assert, that among the many thousands 
of marine animals which they haud examined, there is 
not a single animal of the southern regions which is not 
distinguishable by essential characters from the analo- 
gous species in the northern seas. Reptiles are not 
exempt from the general law. The saurian (N. 216) 
tribes of the four quarters of the globe differ in species ; 
and although warm countries abound in venomous 
snakes, they are specifically dififerent, and decrease both 
in Dumbero and in the virulence of their pojson with de- 
z3 
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crease of temperature. The dbpersion of insects ne- 
cessanJy follows that of the vegetables which supply 
them with food ; and in general it is observed, that each 
kind of plant is peopl^ by its peculiar inhabitants. 
Each species of bird has its particular haunt, notwith- 
standing the locomotive powers of the winged tribes. 
The emu is confined to Australia, the condor never 
leaves the Andes, nor the great eagle the Alps; and 
although some birds are common to evepr country, they 
are few in number. Quadrupeds are distributed in the 
same manner wherever man has not interfered. Such 
as are indigenous in one continent are not the same with 
their congtaers in another ; and with the exception of 
some kinds of bats, no warm-blooded animal is indigenous 
' in the Polynesian Archipelago, nor in any of the islands 
on the borders of the central part of the Pacific. 

In reviewing the infinite variety of organized beings 
that people the surface of the gk)be, nothing is more re- 
markable than the distinctions which characterize the 
dififerent tribes of mankind, from the ebony skin of the 
torrid zone to the fair and ruddy complexion of Scandi- 
navia — a difference which existed in the earjiest recorded 
times, since the African is represented in the Sacred 
Writings to have been as black as he is at the present 
day, and the most ancient Egyptian paintings . confirm 
that truth ; yet it appears from a comparison of the 
principal circumstances relating to the animal economy 
or physical character of the various tribes of mankind, 
that the different races are identical in species. Many 
attempts Jytre been made to trace the various tnbee 
back to ^pbmmon ori|^n, by collating the numerous 
languages^which are or have been spoken. Some 
classes of these have few or no words in common, yet 
exhibit a remarkable analogy in the laws of their gram- 
matical construction. The languages spoken by the 
native American .nations afibrd examples of these; in- 
deed the refinement in the grammatical construction of 
the tongues of the American savages leads to the belief; 
that they must originally have been spoken by a much 
more civilized class of mankind. Some tongues have 
little or no resemblance in structure, though they cor- 
respond extensively in their vocabularies, as the Syrian 
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dialects. In all of these cases it may be inferred, that 
the nations speaking the languages in question are de* 
scefided from the same stock ; but the probability of a 
common origin is much greater in the Indo-Europeaa 
nations, whose, languages, such as the Sanscrit, Greek, 
Latin, German, &:c., have an affinity both in structure 
and corresppudence of vocables. In many tongues' not 
the smallest resemblance can be traced ; length of time, 
however, may have obliterated origi#d identity. The 
conclusion drawn from the whole investigation is, that 
although the distribution of organized beings does not 
follow the direction of the isothermal lines, temperature 
has a veiy great influence on their physical development. 
The heat of the air is so intimately connected with its 
electrical condition, that electiicity must also affect the 
distribution of plants and animals over the face of the 
earth, the more so as it seems to have a great share in 
the functions of animal and vegetable life. It is the sole 
cause of many atmospheric and terrestrial phenomena 
and performs an important part in the economy of nature. 



Section XXVIII. 



Of ordinary Electricity^ generaBy called Electricity of Teomon— Methods 
of exciting Bodies— Transference— Electrics and Non-Electrics— Law of 
its Intensity— Distribution — Tension— Electric Heat and Light— Atmos- 
pheric Electricity— Its Cause— Electric Clouds— Back Stroke— Violent 
Effects of Lightning— Its Velocity— Phosphurescence—Phoephoreacent 
Action of Solar Spectrum — Aurora. 



Electricitf is one of those impond«|^le agents 
pervading the earth and all substances, wit^^ affecting 
their volume or temperature, or even givinPRy visible 
sign of its existence when in a latent state ; but when 
elicited developing forces capable of producing the most 
sudden, violent, and destructive effects in some cases, 
while in others their action, though leas energetic, is of 
indefinite and uninterrupted continuance. T]^e modi- 
fications of the electric force, incidentally appending 
upon the manner in which it ia excited, present phe- 
nomena of great diversity, but yet so connected as to 
justify the conclusion that they originate in a common 
principle* 
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Electricity may be called into actiyity by mechanical 
power, by chemical action, by heat, and by magnetic 
mflaence. We are totally ignorant why it is roused 
from its neotral state' by such means, or of the manner 
of its existence in bodies, whether it be ^material agent, 
vibrations of ^er, or merely a property of matter. 
Various circumstances render it 'more than probable 
that, like light and heat, it is a modification or vibration 
of that subtile etflbreaf medium which in a highly elas- ' 
tic state pervades all space, and which is capable of 
moving with various degrees of facility through the pores 
even of the densest substances. As experience shows 
that bodies in one electiic state attract, and in another 
repel each other, the hypothesis of two fluids htis been 
adopted by many philosophers ; but probably the mutual 
attraction and repulsion of bodies arise from the redun- 
dancy and defect of their electricities, though all the 
electrical phenomena can be explained on either hy- 
pothesis. Bodies having a redundancy of the electric 
fluid are said to be positively electric, and those in defect 
negatively. As each kind of electricity has its peculiar 
properties, the science may be divided into four branch- 
es, of which the following notice is intended to convey 
some idea. 

Substances in a neutral state neither attract nor 
repel. There is a numerous class called electrics, 
in which the electric equilibrium is destroyed by fric- 
tion ; then the positive and negative electricities are 
called into action or separated; the positive is im- 
pelled in ofe direction, and the negative in another; 
or more ^ftrectly, the electricity is impelled in one di- 
rection^jMne expense of the other where there is a de- 
ficiency ai it. ' JSlectricities of the same kind repel, 
whereas those of different kinds attract each other. 
The attractive power is exactly equal to the repulsive 
power at equal distances, and when not opposed, they 
coalesc»^with great rapidity and violence; producing 
the electric flash, explosion, and shock: then equiU- 
brium is restored, and the electricity remains latent till 
again called forth by a new exciting cause. One kind 
of electricity cannot be evolved without the evolution of 
an equal quantity of the opposite kind. Thus when a 
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glass rod is rubbed with a piece of silk, as much positiye 
electricity is elicited in the glass as there is n«gaH¥e in 
the silk ; or in other words were is a redundancy in the 
glass and a proportional deficiency in the silk. The 
kind of electricity depends more upon the mechadicid 
condition than on the nature of the sdHace : for when 
two plates of glieiss, one polished and the other rough) 
are rubbed against each other, the polished surface ac- 
quires positiye and the rough negative electricity ; that 
is, the one gains and the other loses. The manner in 
which friction is performed also alters the kind of elec' 
tricity. Equal lengths of black and white riband ap- 
plied longitudinally to one another, and drawn between 
the finger and thumb, so as to rub their surfaces to- 
gether, become electric. When separated, the white 
riband is foiind to have acquired positive electricity, and 
the black has k>st it, or become negative: but if the 
whole length of the black riband be drawn across the 
breadth of the white, the black will be positively and 
the white negatively electric when separate. £lec* 
tricity may be transferred from one body to another in 
the same manner as heat is communicated, imd like it 
too, the body loses by the transmission. Although' no 
substance is altogether impervious to the electric fluid, 
nor is there any that does not oppose some resistance 
to its passage, yet it moves with much more facility 
through a certain class of substances called conductors, 
such as metals, water, the human body, &c., than 
through atmospheric air, glass, silk, &c., which are 
therefore called non-conductors. The condu(^^ power 
is affected both by temperature and moisture.^ 

Bodies surrounded with non-conductors are said to be 
insulated, because, when charged, the electricity cannot 
escape. When that is not the case, the electricity is 
conveyed to the earth, which is formed of conducting 
matter; consequently it is impossible to acoumulate 
electricity in a conducting substance that is not insu- 
lated. There are a great many substances called non- 
electrics, in which electricity is not sensibly developed 
by friction, unless they be insulated, probably because it 
is carried off by their conducting power as soon as 
elicited. Metals, for example, which are said to be 
18 
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non-electrics, can be excited, but being conductors, they 
.cannot retain this state if in communication with the 
earth. It is probable t\mt mo bodies exist which are 
either perfect non-electrics or perfect non-conducUvrs. 
But it is evident that electrics must be non-conductors 
to a certain degree, otherwise they could not retidn 
their electric state. 

It has been supposed that an insulated body remains 
at rest, because the tension of the electricity, or its pres- 
sure on the air which restrains it, is equal on all sides ; 
but when a body in a similar state, and charged with 
the same kind of electricity, approaches it, that the mu- 
tual repulsion of the particles of the electric fluid di- 
minishes the pressure of the fluid on the air on the 
adjacent sides of the two bodies, and increases it on 
their remote ends ; consequently that equilibrium will 
be destroyed, and the bodies, yielding to the action of 
the preponderating force, will recede from or repel 
each other. When, on the contrary, they are charged 
with opposite electricities, it is alleged that the pressure 
upon the air on the adjacent sides will be increased by 
the mutual attraction of the particles of the electric 
fluid, and that on the further sides diminished; con- 
sequently, that the force will urge the bodies toward 
one another, the motion in both cases corresponding to 
thcr forces producing it. An attempt has thus been 
made to attribute electrical attractions and repulsions to 
the mechanical pressure of the atmosphere. It is more 
than doubtful, however, whether these phenomena can 
be refer|tf to that cause ; but certain it is, that what- 
ever th^^ature of these forces may be, they are not 
impeded in their action by the intervention of any sub- 
stance whatever, provided it be not itself in an eiectric 
state. 

A body charged with electricity, although perfectly 
insulateii, so that all escape of electricity is precluded, 
tends to produce an electric state of the opposite kind 
in all bodies in its vicinity. Positive electricity tends 
to produce negative electricity in a body near ^ it, and 
vice versa, the efiect being greater as the distance di- 
minishes. This power which electricity possesses, of 
causing an opposite electrical state in its vicinity, is called 
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iBductioD. When a body in either electric state is pre- 
sented to a neutral one, its tendency, in consequence of 
the law of induction, is to disturb the electrical condi- 
tioB of the neutral body. The electrified body induces 
electricity contrary to its own in the adjacent part of 
the neutral one, and therefore^ an electrical state similar 
to its own iti the remote part. Hence the neutrality of 
the second body is destroyed by the action of the first, 
and the adjacent parts of the two, having now opposite 
electricities, will attract each other. The at^ction be- 
tween electrified and unelectrified substances is, there- 
fore, merely a consequence- of their altered state, re- 
sulting directly from the law of induction, and not an 
original law. The effects of induction depend tipon the 
fiicility with which the equilibrium of the neulra) state 
of a body can be overcome — a facility which is propor- 
tional to the conducting power of the body. Conse- 
quently the attraction exeited by an electrified substance 
upon another, substance previously neutral, will be much 
more energetic if the latter be a conductor than if it be 
a non-conductoi*. 

The law of electrical attraction and repulsion has 
been determined by suspending a needle of gum-lac 
horizontally by a silk fibre, the needle carrying at one 
end a piece of electrified gold-leaf. A globe in the same, 
or in the opposite electrical state, when presented to 
the gold leaf, will repel or attract it, and will therefore 
cause the needle to vibrate more or less rapidly accord- 
ing to the distance of the globe. A comparison of the 
number of oscillations performed in a given #me at dif- 
ferent distances, will determine the law of tffi variation 
of the electrical intensity, in the same manner that the 
force of gravitation is measured by the oscillations of 
the pendulum. Coulomb invented an instrument which 
balances the forces in question by the force of the tor- 
sion of a thread, which consequently measures their 
intensity ; and Mr. Snow Harris has recently construct- 
ed an instrument with which he has measured the 
intensity of the electrical foi*ce in terms of the weight 
requisite to balance it. By these methods it has been 
found that the intensity of the electrical attraction and 
repulsion varies inversely as the squares of the distances. 
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However, the law of the repulsive force is liable to great 
disturtwiDce from inductive action, which Mr. Snow Har- 
ris has found to exist not only between a .charged and 
neutral body, but also between bodies similarly charged, 
and thdit in the latter case the inductive process may be 
indefinitely nioditied' by the various circumstances of the 
quantity and intensity of the electricity, and the distance 
between the charged bodies. Since electricity can only 
be in equilibrie horn, the mutual repulsion of its par- 
ticles, which according to these experiments varies in- 
versely as the square of the distances, its disti'ibution in 
different bodies depends upon the laws of mechanics^ 
and therefore becomes a subject of analysis and calcula- 
tion. Although the distribution of the electric fluid has 
employed the eminent analytical talents of M. Poisson 
and Mr. Ivory, and though many of their computed 
phenomena have been confirmed by observation, yet 
recent experiments show that the subject is still involved 
in much difficulty. Electricity is entirely confined to 
the surface of bodies ; or if it does penetrate their sub- 
stance, the depth is inappreciable ; so that the quantity 
bodies are capable of receiving does not follow the pro- 
portion of their bulk, but depends principally upon the 
form and extent of sjarfitce over which it is spread : thus 
the exterior may ^ be positively or negatively electric, 
while the interior is in a state of perfect Jieutrality. 

It appears from the experiments of Mr. Snow Harris, 
that a given quaotity of electricity divided between two 
perfectly equal and similar bodies, exerts upon external 
bodies onh| one-fourth of the attractive force apparent 
when dis];ffsed upon one of them ; and if it be distrib- 
uted among three equal and similar bodies, the force is 
one-ninth of that apparent w^hen it is disposed on one of 
them. Hence if the quantity of electricity be the same, 
the force varies inversely as the square of the surface 
over which it is disposed ; and if the suiface be the sanie,, 
the force varies directly as the square of the quantity' 
of the electric fluid. Thesfa laws however do not hold 
when the form of the surface is changed.. A given 
quantity of electricity disposed on a given surface has the 
greatest intensity when the surface has a circular form, 
and the least intensity when the surface is expanded 
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•into an indefinite right line. The decrease of intensity- 
seems to arise from some peculiar armngement of the 
electricity depending on the .extension of the surface, 
and has been considered by Volta to consist in the re- 
moval of the electrical particles farther without the 
sphere of each other's influence. It is quite independ- 
ent of the extent of the edge, the area being the same ; 
for Mr. Snow Harris found that the electrical intensity 
of a chai'ged sphere is the same with that of a plane 
circular area of the same superficial extent, and that of 
a charged cylinder the same as if it were cut open and 
expanded into a plane surface. 

The same able electrician has shown that the attract- 
ive force between an electrified and a neutral uninsulated 
body is the same, whatever be the forms of their unop- 
posed parts. Thus two hemispheres attract each other 
with precisely the same force as if they were spheres; 
and as the force is as the number of attracting points in 
operation directly, and as the squares of the respective 
distances inversely, it follows that the atti-action between 
a mere ring and a circular area is no greater than that 
between two similar rings, and the force between a 
sphere and an opposed spherical segment of the same 
curvature is no greater than that of two similar segments, 
each equal to the given segment. 

Electricity may be accumulated to a great extent in 
insulated bodies^ and so long as it is quiescent, it occa- 
sions no sensible change in their properties, though it is 
spread ovei* their sur&ces in indefinitely thin layers* 
When restrained by the non-conducting power of the 
atmosphere, the tension or pressure exerted hy the elec- 
tric fluid against the air which opposes its escape, is in 
the ratio compounded of the repulsive force of its own 
paiticles at the suiface of the sti*atum of the fluid, and 
of the thickness of that stratum. But as one of these 
elements is always proportional to the other, the total 
pressure on every pdint must be proportional to the 
squares of the thickness. /If this pressure be less than 
the coercive force of the ai^, the electricity is retained ; 
but Ihe instant it exceeds that force in any one point, 
the electricity escapes, which it will do when the air is 
attenuated, or becomes saturated with moisture. ^ It ap- 
A A / 
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pears that the resistance of the air to f^e passage of die 
electric fluid is {V'opoi't^oaal to the square of its density, 
but that the action of electricity on distant bodies by in- 
duction is quite independent of atmospheric pressure, 
and is the sama in vacuo as in air. 

The power of retaining electricity depends also upon 
the shape of the body. It is most easily retained by a 
sphere, next to that by a spheroid, but it readily escapes 
from a point; and a pointed object receives it witli 
most fiicLlity. It appears from analysis, that electricity, 
when in equilibrio, spreads itself in a thin stratum^ over 
the surface of a sphere, in coQsequence of the repulsion 
of its particles, which force is directed from the center, 
to the surface. In' an oblong spheroid, the intensity or 
thickness of the stratum of electricity at the extremities 
of the two axes is exactly in the proportion of the axes 
themselves; hence, when the ellipsoid is much elon- 
gated, the electricity bedomes very feeble at the equator, 
and powerful at the poles. A still greater difference in 
the intensities takes place in bodies of cylindrical or 
pristnatic form, and the more so in proportion as their 
length exceeds their breadth; therefore the electrical 
intensity is very powerful at a point where nearly the 
whole electricity in the body is concentrated. Not- 
withstanding these analytical results, it is doubted 
whether t^e disposition of electrified bodies to discharge 
theii* electricity from points or edges may not arise from 
the superior attractive force generated by induction in 
external bodies, rather than from an original concentra- 
tion of the electric fluid in these parts. 

A perfect conductor is not mechanically affected by 
the passage of electripity, if it be of sufficient size to 
carry off the whole ; but it is shivered to pieces in an 
instant if it be too small to carry off the charge : this 
also happens to a bad conductor. In that case tlie 
physical change is generally a separation of the particles-, 
though it may occasionally be attributed to chemical 
action, or expansion from the heat evolved during tlio 
f)assage of the fluid ; but all these effects are in propor- 
tion to the obstacles opposed to the freedom of its 
course. The heat produced by the electric shock is 
intense, fusing metals, and even volatilizing substances. 
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though it is only accompanied by light when the fkiid is 
obstructed in its passage. 

Electrical tight, when analyzed by the prism, pre- 
sents very diferent appearances to ^e solar light. 
Frauenhofer found that instead of the fixed dark lines 
of the sokur spectrum, the spectrum of an electrie ^^k 
was crossed by very numerous bright lines ; and Pro- 
fessor Wheatstone has observed that the number and 
position of the lines differ .with the metal from which 
the spark is taken. According to M. Biot, electrical 
light arises from the condensation of the air during the 
rapid motion of the electricity , and varies both in in- 
tensity and color with the density of the atmosphere. 
When the air is dense, it is white and brilliant; whereas 
in rarefied air it is diffuse and of a reddish color. The 
experiments of Sir Humphry Davy, however, seem to 
be at.variance with this opinion. He passed the elec- 
tric spark through a vacuum over - mercury, which, 
from green, became successively sea-green, blue, and 
purple, on admitting different quantities of air. When 
the vacuum was made over a fusible alloy of tin and 
bismuth, the spark was yellowish and extremely pale. 
Sir Humphry thence concluded, that electrical light 
principally depends upon some properties belonging to 
the ponderable matter through which it passes, and 
that space is capable of exhibiting luminous appearances, 
though it does not contain an appreciable quantity of 
this matter. He thought it not improbable that the 
superficial particles of bodies which form vapor, when 
detached by the repulsive power of heat, might be 
equally separated by the electric forces, and produce 
luminous appearances in vacuo, by the^ destruction of 
their opposite electric states. Professor Wheatstone 
has been led to conclude that electrical light results 
from the volatilizatk>n and ignition of the ponderable 
matter of the conductor itself. 

Pressure is a source of electricity which M . Becquerel 
has found to be common to all bodies ; but it is necessary 
to insulate them to prevent its escape. ♦ When two sub- 
stances of any kind whatever are insmated and pressed 
together, they assumedifTerent electric states, but they 
only show contrary electricities when one of them is a 
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good condddor. When both are good conductore, they 
must be separated with extreme rapidity, to prevent 
the return to equilibrium. /When the separation is 
very sudden, the tension of tae two electricities may be 
sreat enough to produce light. ) M. Becquerel attributes 
me li^t produced by the <^sion of icebergs to this 
cause. Iceland spar is made electric by tl^e smallest 
pressure between Jhe finger and thumb, and retains it 
for a long time. AU these circumstances are modified 
by the temperature qf the substances, the state of their 
surfaces, and that of the atmosphere. Several crys- 
taline substances become electric when heated, es- 
pecially tourmaline, one end of which acquires positive 
and the other negative electricity, while the interme- 
diate part is neutrtd. If a tourmaline be broken throu^ 
the middle, each fragment is found to possess positive 
electricity at one e^d< and negative at the other, like 
the entire crystal, ^lectricity is evolved by bcklies 
passing from a liquicTto a solid state ; also by chemical 
action during the production and condensation of vapor, 
which is consequently a great source of atmospheric 
electricity. The steam issuing from the valve of an 
insulated locomotive steam engine produces seven times 
the quantity of electricity that an electrifying machine 
would do with a plate three feet in diameter, and 
worked at the rate of 70 revolutions in a minute.j In 
short, it may be stated generally, that when any cause 
whatever, such as friction, press.ure, heat, fracture, 
chemical action, &c., tends to destroy molecular attrac- 
tion, there'is a development of electricity. If, however, 
the molecules be not immedia^ly separated, there will 
b^ an instantaneous restoration of equilibrium. 

.The ecath possesses a powerful electrical tension, and 
the atmosphere, when clear, is almost always positively 
electric. Its electricity is sti'onger in winter than in 
summer, during the day than in 5ie night. The inten- 
sity increases for two or three hours from the time of 
sunrise, comes to a maximum between seven and eight, 
then decreases toward the middle of the day, arrives at 
its minimum between one and two, and again augments 
as the sun declines, till about the time of sunset, after 
which it diminishes, and continues feeble during the 
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nightv/ Atmospheric electricity arises partly from an 
evolution of the electric fluid during the evaporation 
that is so abundant at the sur^e of the earth, thou^ 
not under all circumstances. M. Pouillet has recenSy 
come to the conclusion, that simple evaporation never 
produces electricity, unless accompanied by chemical 
action, but thai electricity is always disengaged when 
the mter holds- a salt or some other substance in solu- 
tion. ^He {bund when water contains lime, chalk, or 
any solid alkali, that the vapor arising from it is nega- 
tively electric ; and when< the body held in solution is 
either gas, acid, or some of the salts, that the vapor 
given out is positively electric. 7 The ocean must there- 
fore affoni a great supply of^positive electricity to the 
atmosphere ; but as M. Becqnerel has shown that elec- 
tricity^ of one- kind or other is developed, whenever the 
molecules of bodies are derapged from their natural 
positions of equilibrium by any cause whatever, the 
chemical changes on the surface of the globe must occa- 
sion many variations in the electrical state of the atmos- 
phere. 
/^" Clouds probably owe their existence, or at least their 
form, to electricity, for according to some authors they 
consist of hollow vesicles of vapor coated with it. As 
the electricity is either entirely positive or negative, the 
vesicles repel each other, which prevents them from 
uniting and falling down in I'ain. The friction of the 
surfaces of two grata of air moving in different direc- 
tions, probably developes electricity; and if the strata 
be of different temperatures, a portion«of the vapor they 
always contain will be deposited ; the electricity evolved 
y will be' taken up by the vapor, and cause it to assume 
^, the vesicular state constituting a cloud. A vast deal of 
electricity may be accumulated in this manner, which 
1 may be either positive or negative. When two clouds, 
I charged with opposite kinds, approach within a certain 
j distance, the thickness of the coating of electricity in- 
creases on the two sides of the clouds that are nearest 
to one another ; and when the accumulation becomes 
I so^eat as to overcome the coercive pressure of the 
atmosphere, a discharge takes place, which occasions a 
\ flash of lightning. The actual quantity of electricity in 
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aoy one part of a cloud is extremely small. The intesH- 
sity of the flash arises from th^ very great extent <^ 
sur&ce occupied .by the electricity ; so tibat clouds may 
be compared to enormous Leyden jars thinly coated 
with the electric fluid, which only acquires its intensity 
by its instantaneous condensation. The rapid and irreg- 
ular motions of thunder clouds are, ia lUl probabiKty, 
more owing to strong electrical attractions and repul- 
sions among themselves than to currents of air, though 
both are no doubt concerned .in these hostile move- 
,ments. 

U Since the air is a non-conductor, it does not convey 
/the electricity from the clouds to the earth, but.it ac- 
f quires from diem an opposite electricity, and when the 
; tension is very great the force of the electricity becomes 
irresistible, and an interchange takes place- between the 
clouds and the earth ; but so rapid is die motion of light- 
ning, that it is diflicult to ascertain when it goes from the 
clouids to the earth, or shoots upward from the earth 
to the clouds, thon^ there can be no doubt that it does 
/ both. In a storm which occurred at Manchester, ia the 
< month of June, 1835, the electric fluid was observed to 
\ issue from various points of a road, attended by ex{do- 
, sions as if pistols had been fired out of the ground. . A 
1 man appears to have been killed by one of these explo- 
sions taking place under his right foot. M. Gay-Lussac . 
has ascertained that a flash of lightning sometimes darts 
^mc»re than three miles at once in a straight line. 

A person may be killed by lightmng, although the 
-explosion takes place at the distance of twenty miles, 
by what is called the back stroke. Suppose that the 
two extremities of a cloud highly charged with electri- 
city hang down toward the earth : they will repel the 
electricity from the earth's surface, if it be of the same 
kind with their own, and will attract the other kind; 
and if a discharge should suddenly take place at one 
end of the cloud, the equilibrium will instantly be re- 
stored by a flash at that point of the earth which is un- 
der the other. Though the back stroke is often suffi- 
ciently powerful to destroy life, it is never so terrible in 
its effects as the direct shock, which is frequently of 
inconceivable intensity. Instances have occurred in 
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which large masses of h*on and stone, and even many 
feet of a stone wall, have been conveyed to a con- 
siderable distance by a stroke of lightning. Kocks and 
the tops of mountains often bear the marks of fusion 
from its action; and occasicmally vitreous tubes, de- 
scending many feet into, banks of sand, mark the! path 
of the electric fluid. Some years ago. Dr. Fiedler ex- 
hibited several of these fiilgorites in London, of con- 
siderable length, which .had been dug out of the sandy 
plains of Silesia and Eastern Prussia. One found at 
Paderborn was forty feet long. Their ramifications 
generally terminate in pools or springs of water below 
the sand, vvhich are supposed to determine the course 
of the electric fluid. No doubt the soil and substrata 
must influence its direction, since it is found by experi- 
ence that places which have been, struck by Ughtning 
are often struck, again. A school-house in Lammer- 
muir. East Lothian, has been struck three different 
times. 

/ The atmosphere, at all times positively electric* be- 
/ comes intensely so on the approach of rain, snow, wind, 
/ hail, or sleet; but it afterward varies, and the transi- 
tioDs are very rapid on the approach of a thunder-storm^ 
I An isolated conductor then gives out such quantities of 
1 sparks that it i^ dangerous to approach it, as was fatally 
\ experienced by Professor Kichman, at Petersburg, who 
I was struck dead by a globe of fire from the extremity 
, of a conductor, while making experiments on atmos- 
pheric electricity. There is no instance on record of an 
/ electric cloud of liigh tension being dispelled by a con- 
\ ducting rod silently withdrawing the electric fluid; yet 
it may mitigate the stroke, or gender it harmless if it 
' should come. Copper conductors afford the best pro- 
' tection against Fightning, especially if they expose a 
, broad surface, since the electric fluid is conveyed along 
. the exterior of bodies. Conductors do not attract the 
electric fluid from the clouds ; their object is to cany- 
it off in case of a stroke, and therefore they ought' to 
project very little, if at all, above the building. 

When the air is highly rarefied by heat, its coercive 
power is diminished so that the electric fluid escapes 
from the clluds, and never can be accumulated beyond 
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8 certain limit; whence those lambent diflliise flashes of 
li^tning without thunder so frequent in warm summer 
evenings! 

' The velocity of electricity is so great, that the most 
' rapid motion which can be produced by art appears to 
I be actual rest when compared with it A wheel re- 
l volving with celerity sufficient to render its' spokes invis- 
\ ible, when illuminated by a dash of lightning, is seen for 
] an instant with all its spokes distinct, as if it were in a 
"^ state of absolute repose; because, however rapid the 
^ rotation may be, the light has come and ah'eady ceased 
I before the wheel has hod time to turn through a sensible 
Vjipace. This beautiful experiment is due to Professor 
Wheatstone, as well as the following variation of it, 
which is not less striking : Since a sunbeam consists of 
a. mixture of blue, yellow, and red light, if a circular 
piece of pasteboard be divided into three sectors, one of 
which is painted blue, another yellow, and a third red, 
it will appear to 6e white when revolving, quickly, be- 
cause of the rapidity with which the impressions of the 
colors succeed each other on the retina. But^the in- 
stant it is illuminated by an electric spmrk, it seems to 
stand still, and each eolor is as distinct as if it were at 
rest. This transcendent speed of the electric fluid has 
been ingenionsly measured by Professor Wheatstone ; 
and although his experiments are not far enough ad- 
vanced to enable him to state its absolute celerity, he has 
ascertained that it much surpasses the velocity of light. 
In the horizontal diameter of a small disc fixed on the 
wall of a darkened room are disposed six small brass 
balls, well insulated from each other. An insulated 
copper wire half a mile long is disjoined in its middle, 
and also near its two extremities ; the six ends thus ob» 
tained are connected with the six balls on the disc. 
When an electric discharge is sent through the wire by 
connecting its two extremities, one with the positive, 
and the other with the negative coating of a Leyden 
jar, three sparks are seen on the disc, apparently at the 
same instant. At the distance of about ten feet, a small 
revolving mirror is placed so as to reflect these three 
sparks during its revolution. From the extreme velocity 
of the electricity, it is clear, that if the thr#e sparks be 
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simnltaneoust they will be reflected, and will vbnidi be- 
fore the mirror has sensibly changed its position, how- 
ever rapid its rotation may be, and they will be seen in » 
straight line. But if the three sparks bd not simultane- 
ously transsfltted to the disc — ^if one, &r example, be later 
than the other twoi— the mirror will have time to revolve 
through an indefinitely small arc m the interval between 
the reflection of the twO' sparks and that of the single 
one. However, the only indication of this small motion 
of the mirror will be, that the single spark will not be 
reflated in the same straight line with the other two, 
but a little above or beloiw it, for the reflection of all 
three will still be^ apparently simultaneous, the time in- 
tervening being much too short to be ap{H-eciated. ^ 

Since the number of revolutions which the revohring 
li^Tor makes in a second al'e known, and the angular 
deviation of the reflection of the single spark from the 
reflection of- the other two can be measured, the time 
elapsed between their consecutive reflections can be as- 
certained. And as the length of that part of the wire 
tlu^ugh which the electricity has passed is given, its ve- 
locity may be found. 

Since the number of pulses in a second requisite to 
produce a musical note of any pitch is known, the num- 
ber of revolutions accomplished by the mirror in a given 
time may be determined from the musical note produced 
by a tooth or peg in its a^s of rotation striking against a 
card, or from, the not^s of a siren attached to the axis. 
It was thus that Professor Wheat^tone found the mir- 
ror which he employed in his,experiments to make 800 
revolutions in a second ; and as the angular velocity of 
the reflected image in a revolving miiTor is double that 
of the mirror itself^ an angular deviation of one degree 
in the appearance of the two sparks would indicate an 
interval of the 576,000th of a second ; the deviation of 
half a degree would, therefore, indicate more than the 
millionth. of a second. The use of sound as a measure 
of velocity is a happy illustration of the connection of the 
f^ysical sciences. 

When the atmosphere is highly charged with elec- 
tricity, it not unfrequently happens that electric light in 
the form ot^a star is seen on the topmast and yard-arms 
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of ships* In 1831 the Frendi officers at Algiers were 
sarpnsed to see brushes of tight en the heads 4»f their 
comrieides, and at the ppiuts of their fingers, when they 
held up their hand^. This phenomenon was well known 
to the ancients, wi)o reckoned it a. lucky oAeb. 

Many substances in decaying emit tight, which is at- 
tributed to electricity f such as fish and rotten wood. 
Oyster shells, and a variety of minerals, become phos- 
phorescent at certain temperatures, when exposed to 
electric shocks or frictiou : indeed most of the causes 
which disturb molecular equilibrium give rise to phos- 
phoric phenomena. The minerals possessing this prop- 
erty are generally colored or imperfectly transparent ; 
and though the color of this tight varies in ditferent sub- 
Stances, it has no fixed relation to the color of the min- 
eral. An intense lieat entirely destroys this, propefj^, 
and the phosphorescent light aeveloped by heat has do 
connection with light produced by' friction, for Sir David 
Brewster dbserv,ed that foodies deprived of the fisicuJty of 
emitting the one are ^tiU capable of giving out the other. 
Among the bodies which generally become phosphores- 
cent when exposed to heat, there are some specimens 
whksh do not possess this property, wherefore phospho- 
rescence ca;inot be regarded as an essential character of 
the minerals possessing it. Sulphuret of calciutn, known 
as Canton*B phosphorus, and the sulphuretof barium, or 
Bologna stone, possess the phosphorescent property in 
an emineqt degree, and M. Edmond Becquerel has shown 
that on these substances a very remarkable phosphores- 
cent effect is produced by the action of the different 
rays of the solar spectrum. In forni«r times Beccaria 
stated that the violet ray was the most energetic, and 
the red ray the least so, in exciting phosphoric light. M. 
Becquerel has shown that two luminous bands separated 
by a dai-k bne are excited by the solar spectrum on pa- 
per covered with a solution of gum-arabic and strewed 
with powdered sulphuret of calcium. One of the lu- 
minous bands occupies the space under the least refran- 
gible violet rays, and the other that beyond the lavender 
rays, so that the dark band ties on the part under the 
extreme violet and lavender rays. When t^e action of 
the spectral tight is continued, the whole surface beyond 
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the least refrangible violert shities/ the luminoas bands 
already mentioned brightest, but aH the space from the 
least refrangibjte violet to the extreme red remains- dark. 
If the surfaed.,prepared with either the sulphuret of cal- 
cium or thft Bologna stone be exposed to the suh^s light 
for a short time it becomes luminous all over, but when 
in this state a solar spectrum is thrown upon it, the 
whole remains luminous except the part from the least 
^refraiigible violet to the extreme red, on which- space 
the, light is extinguished ; and wl^n the temperature of 
, this surface is raised by a lamp, the bright parts 1[)ecome 
jnore luminous and the dark parts remain dark. Glass 
stained by the protoxide of copper, which transmits only 
the red and orange rays together with the chemical rays 
that accompaop £em, has the same efiect with the less 
refrangible part ofihe spectrum ; hence there can be no 
doubt Siat the most refrangible and obscure rays of the 
^pectrum excite phosphorescence, while all the less re- 
frangible rays of li^t and heat extinguish it. It appears 
from the experiments of MM. Biot and Becquerel that 
electrical disturbance produces these phosphorescent 
efitects. There is thus a mysterious connection between 
t)ie most refrangible rays and electricity, which the ex- 
periments* of M. E. Becquerel confirm, showing that 
electricity is developed during chemical action by the 
violet rays, liat it is very feebly developed by the blue 
f^nd indigo, but that none is excited by the less refrangi- 
ble part of the spectrum. 

Paper prepared with the sulphuret of barium when 
undei'.the solar spectrum shows only one space of max- 
imum lumitious intensity, and the destroying rays are 
the same as in sulphuret of calcium. 

Thus the obscure rays beyond the extreme violet 
possess the property of producing light, while the lumi- 
nous rays have Hie power of extinguishing it. 

The phosphoric spectrum has inactive lines which 
coincidOvWith those in the luminous and -chemical spec- 
tra at least as far as it extends, but in order to be seen, 
the spectrum jnust be received for a few seconds upon 
the prepared surface through^ an ftperture in a dark 
room, the& the aperture roust be closed, and the tem- 
perature ef die surfiEuce raised two or three hundred 
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degrees ; the phosphorescent ports then shine brilliantl3r, 
and the dark lines appear black. 

Since the parts of similar refrangibility in the differ- 
ent spectra are traversed by the same dark lines, rays 
of the same refran^bility- are probal^ absoalied at thd 
same time by the different meidia through which they 
pass. Multitudes of fish are endowed with the power 
of emitting light at pleasure^ no doubt to enable them 
to pursue their prey at depths where the sunbeeims caD- 
not penetrate. Flashes of light are frequently seen to 
dart along a shoal of hen'ings^or pilchards; and the 
Medusa tribes are noted for their phosphorescent brill- 
iancy, many of which are extremely small, and so nu^ 
merous as to make the wake of a vessel look like a stream 
of silver. Nevertheless, the luminous afpiarance which 
is frequently observed in the sea during the summer 
months cannot always be attributed to marine ammaJculse, 
as the following narrative will show : — 

Captain Bonnycastle, coming up the Gulf of St. Law- 
rence on the 7Ui <jf September, 1826, was roused by 
the mate of the vessel in great alarm from an unusual 
appearance. It was a starlight ni^t, when suddenly 
the sky became overcast in the direction of the high 
land of Cornwallis country, and' an- instantaneous and 
intensely vivid light, resembling the aurora, shot out of 
the hitherto gloomy and dark sea on the lee bow, which 
was so brilliant that it lighted everything distinctly, even 
to the mast-head. The light spread over the whole 
sea between the two shores, and the waves, which be- 
fore had been tranquil, now began to be agitated. Cap- 
tain Bonnycastle describes the scene as that of a blazing 
sheet of awful and most brilliant light. A long and vivid 
line of light, superior in brightness to Xhe parts of the 
sea not immediately near the vessel, showed the bade 
of the high, frowning, and dark land abreast ; the sky 
became lowering and more intensely obscure. Long, 
tortuous Unas of light showed immense numbers of very 
large fish darting about as if in consternation. The 
spritsail-yard and mizen-boom were -lighted by the glare, 
as if gas-lights had bee n» burning directly bek>w them ; 
and until just before dayoreak, at four o'clock, the most 
minute objects were distinctly visible. Day broke very 
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slowly, and the sun rose of a fiery and threatening as<- 
4>ect. Eain followed. Ca{>tain Bonnycastle caused a 
bucket of this fiery water to be drawn up ; it was one 
mass of light when stirred by the hand, and not in sparks 
as usual, but in actual coruscations. A portion of the 
water preserved its luminosity for seven nights. On 
the third night, .the scintillations of the sea reappeared ; 
this evening the sun went down very singularly, exhibit- 
ing in its descent a double sun ; and when only a few 
degrees high, its spherical figure changed into that of 
a bng cylinder, whicl;L reached the horizon. In the 
night the sea became nearly as luminous as befiore, but 
on tJie fifth night the appearance entirely ceased. Cap- 
tain Bonnycastle does not think it proceeded from anir 
maksuls, but ima§ves it might be some compound of 
phosphorus, suddenly evolved and disposed over the surr 
&ce of the sea ; perhaps from the exuviae or secretion* 
of fish connected with the oceanic salts, muriate of soda, 
s,fiknd sulphate c£ magnesia. . 

^^ The aurora borealis is decidedly an electrical phenom-* 
/enon^ which takes place in the hMiest regions of the 
'- atmosphere, since it is visible at me same time from 
places vezy &r distant from each other. It is somehow 
connected with the magnetic poles of the eaith, and oc-^ 
cations vibrations in tl^ mi^netic needle. M. Araga 
has frequently remarked that the needle was powerfuUj 
agitated at Paris, by an aurora that was below the hori« 
zon, and consequently invisible, but whose existence 
was known from the (£servatk>nsof the pdar navigators. . 
/ The aurora has never been seen so far north as the pole 
of the earUi^s rotation, nor does it extend to low latitudes. 
It generally appears in the ibrm of a luminous arch, 
stretching noore or less from east to west, but never from 
north to south, the most elevated point being always in 
the magnetic meridian of the place of the observer; and 
across Uie arch the coruscations are rapid, vivid, and of 
various colors, but whether there be any sound is still a 
disputed point. A similar phenomenon occurs in Idie high 
latitudes of the southern hemisphere. Dr. Fara£y 
conjectures that the electric equilibrium of the earth is 
restored by the aurora conveying the electricity from the 
poles to the equator. 

19 Bb 
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Sectiow XXIX. 

Voltaic Electricity— The Voltaic Battery— Intensity— Quantity— Comeari- 
8on of the Electricity of Tension with Electricity in Motion— Luminous 
Effiscts — Decomposition of Water— Formation of.Crystala by Voltaic 
Electricity— Electrical Fish. 

Voltaic electricity is of that peculiar kind wbichls 
elicited by the force of chemical action. It is connected 
with one of the most brilliant periods of British science, 
from the splendid discoveries to which it led Sir Hum- 
phry Davy; and it has acquired additional interest 
since the discovery of the reciprocal action of Voltaic 
and magnetic currents, which has proied that magnetism 
is only an effect of electricity, and that it has no existence 
as a distinct or separate principle, Consee^uei^tly Voltaic 
electricity, as immediately connected with the theory oi 
the earth and planets, forms a part of the physical ac- 
count of their nature. 

In 1790, while GMvani, Professor of Anatomy in Bo- 
logna, was making experiments on electricity, he was 
surprised to see convulsive, motions in the Umbs of a 
dead frog accidentally lying near the machine during an 
electrical discharge. Though a similar action had been 
noticed long before his tame, he was so much struck with 
this Singukur phenomenon, that he examined all the cir- 
cumstances carefully, and at length found that convulsions 
take place when the n&jye and, muscle of a frog are con- 
nected by a metallic conductor. • d?his excited the atten- 
tion of all Europe ; euid it was tiot long before Professor 
Vdta of Pavia showed that the mere contact of different 
bodies is sufficient to disturb electrical equilibrium, and 
that a current of electricity flows in one direction through 
a circuit of three conducti ^ substan ces. From this he 
was led, by acute reasoning and experiment, to the con- 
struction of the Voltaic pUe, which, in its early form, 
consisted of alternate discs of zinc and copper, separated 
by pieces of wet cloth, the extremities being connected 
by wires. This simple i^paratus, perhaps the most 
wonderfiil instrument that has been invented by the in- 
genuity of man, by divesting electricity of its sudden and 
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uncontrollable violence, and giving in a continued stream 
a greater quantity at a diminished intensity, has exhibited 
that fluid under a new and manageable form, possessing 
powers the most astonishing and tmexpected. As the 
Voltaic battery has become one of the most important 
engines of physical research, some account of its present 
condition may not be out-of place J 

The disturbance of electi-ic equilibrium, and a devel- 
d{>raent of electricity, invariably accompany the chem- 
ical action of the fluid on metcdlic substances, and are 
most plentiful when that action occasions oxidation. 
Metals Vary in the quantity of electricity aflbrded by 
tlieir combination with oxygen. But the greatest 
abundance is developed by the oxidation of zinc by weak 
sulphtiric acid; [And in conformity with the law that 
one kind of eledtricity cannot be evolved without an 
equal quantity of die other being brought into activity, 
it is found that the acid is positively, and the zinc nega- 
tively electric. It has not yet been ascertained why 
equilibrium is not restored by the contact of these two 
substances, which are both conductors, and in opposite 
electrical states. ' However, the electrical and chemical 
changes are so 'connected, that unless equilibrium be 
restored, the action of the acid will go on languidly, or 
stop as soou as « certain quantity of electricity is accu- 
mulated in it. Equilibrium nevertheless will be restored, 
and the action of the acid vnll be continuous, if a plate of 
copper be placed in contact with the zinc, both being 
immersed in the fluid ; for the copper, not being acted . 
upon by the acid, will serve as a condu<itor to convey 
the positive electricity from the acid to the zinc, and 
will at every instant restore the equilibrium, and then 
the oxidation of the zinc will go on rapidly. (Thus 
three substances are concerned in forming a Voltaic 
circuit, but it is indispensable that one of them should 
be a fluid./ The electricity so obtained will be very 
feeble in overcoming resistances offered by imperfect 
conductors interposed in the circuit, or by very long 
wires, but it may be augmented by increasing the num- 
ber of plates. In the common Voltaic battery, the 
electricity which the fluid ha^ acquired from the first 
plate of zinc, exposed to its action, is taken up by the 
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copper plate belonging to the second pair, and transferred 
to die second zinc plate, with which it is connected. 
The second plate of einc possessing equal powers, and 
acting in conformity with tibe first, having thus acquired . 
a larger portion of electricity than its natural share, 
communicates a larger quantity to the fluid in the second 
cell. This increased quantity is again transfen*ed to 
the next pair of plates ; and thus every succeeding al- 
ternation is productive of a further increase in tfie 
quantity of the electricity developed. This action, 
however, would stop unless a vent were given to the 
accumulated electricity, by establishing a communication 
between the positive and negative poles of the battery, 
by means of wires attached to the extr^ne plate at each 
end. When the Wires are brought into contact, the 
Voltaic circuit is completed, the electricities meet and 
neutralize each other, producing the shock and other 
eleetricid phenomena; and: then the electric current 
continues to flow uninterruptedly in the chxiuit, as long 
as the -chemical action lasts. The stream of positive 
electricity flows frMn the zinc to the copper. The 
construction and power of the Voltaic battery has been 
much improved of late years, but the most valuable 
recent improvement is the constant battery of Professor 
Daniell. In aU batteries of the ordinary construction, 
the power, however energetic at first, rapidly diminishes, 
and ultimately becomes very feeble. Professor DanieU 
found that this diminution of power is occasioned by the 
adhesion of the evolved hydrogen to the surface of the 
copper, and to the precipitation of the sulphate formed 
by the action of the acid on the zinc. He prevents the 
latter by interposing between the copper and the zinc, 
in t^e cell containing the liquid, a membrane which, 
without impeding the electric current, prevents the 
transfer of the saS;; and the former, by placing between 
the copper and the membrane solution of sulphate of 
copper, which being reduced by the hydrogen prevents 
the adhesion of this gas to the metaUio surface. Each 
element of the battery consists of a hollow cylinder of 
copper, in the axis of which is placed a cyUndrical rod of 
zinc ; between the zinc and the copper a membranous 
bag is placed, which i^vides the cell into two portions. 
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the inner of which is filled with dilute acM, and the one 
nearer the <»pper is supplied willi crystals of the sul- 
phate of that metal. The battery consists of several of 
these elementary cells connected together by metallic 
wires, the zinc rod of one with the copper cylinder of 
tifkat next to it. The zinc rods are amalgamated, so that 
local action, which in ordinary cases is so destructive of 
the ziilc, does not take place, and no chemical action is 
ilanifested unless the circuit be completed. The rods 
are easily detached, and others substituted for them 
when worn qut. -This battery, which possesses con- 
mderMd power, and is constant in its eif^&cts for a very 
long period of tim6, is greatly superior to all former ar- 
rangements, either as an instrument of research, or for 
exhibiting the ordinary phenomena of Voltaic electricity. 

A battery charged with water alone, instead of acid, 
is very constant in its action^ but the quantity of elec- 
tricity it developes is comparatively very smaQ. Mr. 
Cross of Bi^oomfield in Somersetshire, has 4cept a bat- 
tery of this kind in full force during twelve months. 
M. Becquerel had invented an instrument for comparing 
the intensities of the different kinds of electricity by 
means of weight^^but as it is impossible to make the 
comparison with Voltaic electricity produced by the or- 
dinary batteries, on account of the perpetual variation 
to which the intensity of the current is liable, he has 
constructed a battery which affords a continued stream 
of electricity of uniform power, but it is also of Very 
feeble force. Tl^e current is produced by the chemical 
combination of an a^id with an alkali. 
/ Metallic contact is not- necessary for the production of 
^Voltaic electricity, which is entirely due to chemical 
Naction. The intensity of the Voltaic electricity is in 
.'proportion to the intensity of the affinities concerned in 
' its production, and the quantity produced is in propor- 
t tion to the quantity of matter which has been chem- 
I ically active during its evolution. Dr. Faraday considers 
this definite production to be one of the strongest proofs 
<(hat the electrici^ is of chemical origin. 

Galvanic or Voltaic, like common electricity, may 
either be considered to consist of two fluids passing in 
opposite directions through the circuit, or, if the hypoth^ 
bb2 
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esis of one flirid be adopted, the zinc end of the bat- 
tery may be -supposed to have an excess of electricity, 
and the copper end a deficiency. Hence, in the latter 
case, the zinc is the positive end of the battery, and the 
copper the negative. 

Voltaic electricity is distinguished by two marked 
characters. Its intensity increases with the number of 
plates — its quantity with the extent of their surfaces. 
The most intense concentration of force is displayed by 
a numerous series of large plates, light and heat are 
copiously evolved, and chemical decomposition is accom^ 
plished with extraordinary energy ; whereas the elec- 
tricity from one pair of plates, whatever their size may 
be, is so feeble that it gives no «ign either of attraction 
or repulsion ; and, even with a battery consisting of a 
very great number of plates, it is. difficult to render the 
mutual attraction of its two wires sensible, though of 
opposite electricities. 

' The action of Voltaic electricity differs in some re- 
spects materially from that of the ordinazy kind. When 
a quantity of common electricity is accumulated, the 
restoration of equilibrium is attended by an instantaneous 
violent explosion, accompanied by the development of 
light, heat, and sound. The concentrated power of the 
fluid forces its way through every obstacle, disrupting 
and destroying the cohesion of the particles of the bodies 
through which it passes, and occasionally increasing its 
destructive effects by the conversion of fluids into steam 
from the intensity of the momentary heat, as when 
trees are torn to pieces by a stroke of lightning. Even 
the vivid light which marks tho path of the electric fluid 
is probably owing in part to the sudden compression of 
the air and other particles, of matter during th^ rapidity 
of its passage, or to the violent and abrupt reunion of 
the two fluids. But the instant equilibrium is restored 
by this energetic action the whole is at an end. On the 
contrary, when an accumulation takes {dace in a Voltaic 
battery, equilibrium is restored the moment the circuit 
is completed. But so far is the electric stream from 
being exhausted, that it continues to flow silently and 
invisibly in an uninterrupted current supplied by a per- 
petual reproduction. And although its action on bodies 
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is neither so sudden nor so intense as l^iat pf common 
electricity^ yet it acquires such power from constant 
accumulation and Continued action, that it ultimately 
surpassejs the energy of the other. The two kinds of 
electricity differ in no circumstance more dian in the 
development; of heat. Instead of a momentary evolu- 
tion, which seems to arise from a forcible compression 
of the particles of matter during the passage of the com- 
mon electde fluid, the circulation of the Voltaic electricity 
is Accompanied by a continued development of heat,^ 
lasting as long as the circuit is complete, without pro- 
ducing either light or sound ; and this appears to be its 
immediate direct effect, independent; of mechanical ac- 
tion. Its intensity from a- very powerful battery is 
jgreater than that ef any heat that can be obtained by 
artificial means, so that it fuses substances which resist 
the action of the most powerful furnaces. The temper- 
ature of every part of a Voltaic battery itself is raised 
during its activity. ' 

When the battery is powerful, the luminous effects of 
Voltaic electricity are very brilUant. But considerable 
intensity is i^equisite to enable the electricity tp force its 
way through tiie air on bringing the wires' together 
from the opposite poles. Its t^ransit ^ accompanied by 
light ; and in consequence of the continuous supply of 
the fluid,^ sparks occur every time the contact of the 
wires is either broken or renewed. The most splendid 
artificial light known is produced by fixing, pencils of 
charcoal at the extremities of the wires, and bringing 
them into contact. This light is the more remarkable, 
as it appears to be independent of combustion, since the 
charccMd suffers no change, and likewise because it is 
equally vivid in such gases as do not contain oxygen. 
Though nearly as bright as solar light, it differs materi- 
ally from it when analyzed with a prism. Professor 
Wheatstone has found that the appearance of the spec- 
trum of the Voltaic spark depends upon the metal from 
whence the spark is foken. The spectrum of that from 
mercury consists of seven definite rays, separated from 
each other by dark intervals ; these visible rays are two 
orange linps close together, a bright green line, t\fo 
bluish green lines near each other, a very bright purple 
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ftie, and la^^* a violet line. The spark taken from 
zinc, cadmium, tin, bismuth, and lead ip the melted 
state, gives similar results ; but the number, position, 
and color of the lines vary so much in each case, and 
the appearances are so different, that the metals may be 
easily distinguished from each other Jbj this mode of 
investigation. It appears, moreover, that the light does 
not arise from the combustion of the metal ; for ih^ 
Voltaic spark taken from mercury successively in the 
vacuum of an air-pump, in the Torricellian vacuum, and 
in carbonic acid gas, is precisely the same as when the 
experiment is performed in the air or in oxygen gas. 
Notwithstanding the difference between electric and 
solar light, M. Arago is' inclined to attribute the intense 
Hght and heat of the sun to electrical action. 

Voltaic electricity is a powerful agent in^ chemical 
^ analysis. When transmitted. through conducting fluids 
it separates them into their constituent parts, vAich it 
conveys in an invisisible state through a considerable 
space or quantity of liquid to the poles, where they 
come into evidence. Numerous instances might be 
given, but the decomposition of water is /perhaps the 
most simple and elegant, f Suppose a glass tube filled 
with water and cerked at boW^ends ; if one of the wires 
of an active Voltaic battery be made to pass through 
one cork and the other through the other cork, into the 
water, so that the extremities of the 'two wires shall be 
opposite and about a quarter of an inch asunder, chemi- 
cal action will immediately take place, and gas will con- 
tinue to rise from the extremities of both "^vires till the 
water has vanished.* If au electric spark be then sent 
through the tube, the water, will reappear.\ By arrang- 
ing the experiment so as to have the gas^ven out by 
each wire separately, it is found that water consists of 
two volumes of hydrogen and one of oxygen. The hy- 
drogen is given out at the positive w1r« of the battery, 
and the oxygen at the negatived The oxides are also 
decomposed ; the oxygen appears at the positive pole, 
and the metal at the negative. The decomposition of 
the alkalies and earths by Sir Humphry Davy formed 
a remarkable era in the history of Science. Soda, 
potass, lime, magnesia, and other substances heretofore 
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considered to be simple bodies incapable of decomposi- 
tion, were resolved by electric agency into their constit- 
uent parts, and proved^ to be metallic oxides, by that 
iHustrious philosopher. /^Afl chemical changes produced 
by the electric fluid arKLaccomplished on the same prin- 
ciple ; and it appears that in general, conabustible sub- 
stances, metals, and alkalies go to the negative wire, \ 
while acids and oxygen are evolved at &e positive. / 
The transfer of tiieae substances to the poles is not thS" 
least wonderful effect of the Voltaic battery. Though 
the poles be at a considerable distance from one another, 
nay, even in separate vessels, if a communicatiofi be 
only established by a' quantity of wet thread, as the de- 
composition proceeds the component parts pass through 
the Ijiread in an invisible state, and arrange themselves 
at their respective poles. According to Dr. Faraday, 
electro-chemical decomposition is simply a case of the 
preponderance of one set of chemical affinities more 
powerful in their nature over another set which are less 
powerful. ; The great efficacy of Voltaic electricity in 
chemical decomposition arises from the continuance of 
its action ; and its agency appears to be most exerted 
on fluids and substances which, by conveying the elec- 
tricity partially and imperfectly, impede its progress. 
I But it is now proved to be as efficacious in the compo- 
I sition as in the decomposition or analysis of bodies. 

It had been observed that when metallic solutions are 
subjected to galvanic action, a deposition of metal, some- 
times in the form of minute crystals, takes place on the 
negative wire. By extending this principle, and em- 
ploying a very feeble Voltaic action, M. Becquerel has 
succeeded in forming crystals of a great proportion of 
the mineral substances, precisely similar to tiiose pro- 
duced by nature. The electric state of metallic veins 
makes it possible that many natural crystals may have 
taken their form from the action*of electricity bringing 
their ultimate particles, When in solution, within the 
narrow sphere of molecular attraction already mentioned 
as the great agent in the formation of solids. Both light 
and motion favor crystafization. Crystals which form 
in diffisrent liquids are genei'ally more abundant on the 
side of the iar exposed to the light ; and it is well known 
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" that still water, cooled below 32°, staits into crystals of 

/ ice the instant it is agitated. Light and motion fa*e 

: intimately connected with electricity, which may there- 

! fore have some influence on the laws of aggregation; 

\ this is the more likely, as a feeble action is alone neces- 

y sary, provided it be continued for a sufficient time. 

^ Orystf^ formed rapidly are generally imperfect and 

soft, and M. Becquerel found that even years of constant 

Voltaic action were necessary for the crystalization of 

some of the hard substances. If this law be general, 

how many ages may be required for the formation of a 

diamond ? ~ 

The deposition of metal from a metallic Bolution by 
galvanic electricity has ..been most successfully applied 
to the art of plating and gilding, as well as to die more 
delicate process of copying medals and copper plates. 
Indeed, not metals only, but any object of art or nature 
may be coated with precipitated metal, provided it be 
first qovered with the thinnest film of plumbago, which 
renders a non>conduct;or sufficiently conducting to re- 
ceive the metal. 
^-- Common electricity, on account of its high tension, 
l' passes through water and other liqnids, as soon as it is 
I formed, whatever the length of its course may be. Vol- 
^ taic electricity, on the contrary, is weakened by the dis- 
, tance it has to traverse. Pure water is a very bad con- 
. ductor; but ice absolutely stops a current of Voltaic 
^electricity altogether, whatever be the power of the bat- 
tery, although common electrici^ has sufficient power 
to overcome its resistance. Dr. Faraday has discovered 
that this property is not peculiar to water ; that, with a 
few exceptions, bodies which do not conduct electricity 
when solid, acquire that property, and are immediately 
decomposed, when they become fluid ; and in general, 
that decomposition takes place as soon as the solution 
acquires the capacity pf conduction, which has led him 
to suspect that the power of conduction may be only a 
consequence of decomposition. 

Heat increases the conducting power of some sub- 
stances for Voltaic electricity, and of the gases for both 
kinds. Dr. Faraday has given a ne^ proof of the con- 
nection between heat and electricity, by showing that 
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in general, When a solid which is not a metal becomes 
fluid, it almost entirely loses its power of -conducting 
heat, while it acquires, a capacity for conducting elec- . 
tricity in a high degree. 

The galvanic fluid affects all the senses. Nothing can 

beLmore disagreeable than the shpck. which may even 

be fatal if the battery be very powerful. A bright flash 

of light is perceived with the 0yes shut, when one of 

the wires touches th9 face and the other the hand. By 

I touching the ear with one wire and holding the other, 

\ strange noises ore heard, and an acid taste is perceived 

\ when the positive wire is applied to the tip of the tongue 

\ and the negative wire touches some other part of it. 

T By reversing the poles the taste becomes alkaline. If^ 

rj renders the pale tight of the glow-worm more intense. 

^Dead animals are roused by it, as if they started again 

' into life, and it may ultimately prove to be the cause of 

/ muscular action in the liviitg. 

Several fish possess the faculty of producing electrical 
effects. The most remarkable are the gymnotus elec- 
tricus« found in South America ; and the torpedo, a 
species of ray, frequent in the Mediterranean. The 
electrical action of the torpedo depends upon an appa- 
ratus apparently analogous to the Voltaic pile, which the 
animal has the power of charging at.wiU, consisting of 
membranous columns filled throughout with laminae, sep- 
. aratedfrom one another by a fluid. The absolute quan- 
tity of electricity brought into circulation by the torpedo ^^ 
is so great, that it aflects the decomposition of water, ^ 
has power sufficient to make magnetsv gives very severe 
shocks and the electric spark. It is identical in kind 
with that of the galvanic battery, the electricity of the 
under surface of the fish being the same with the neg- 
ative pole, and that in the upper surface the same with 
the positive pole. .Its manner of action is, however, 
somewhat different; for although the evolution of the 
electricity is continued for a sensible time, it is inter- 
rupted, being communicated by a succession of dis- 
<:harge8. 
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SSCTION XXX. . 

„ Magnetic Pole* — Lines of < . 

—The Dip--The Maflfnetic £qiuit«r^Mag»etic latensity— Secvbor* p«ri« 



Terrestrial Magnetism-^Magnetie Poleti — Lines of equal and no yariatiofB 
— - ►-The I' " .. ^ , 



—The Dip— The Maflfnetic £qaat«r^Ma0»etic Utensity— Secvter, p«n« 
odic, and tranaitory Vaxiationa in the Ma^paetic Phenomena— Origin of 
the Marinert Compass— Natural Magnets— Artificial Magnets— Polarity 
—Induction— Lttensi^—Hypotheaia of two Magnetic Fluida— Distribu- 
tionof th« MagiMtio Fluid— Analogy bvfcwean Magnetism ai)d Electricity. 

In order to explain the 6ther methods of excitiiig 
electricity, and the recent discoveries in liiat science, it 
is necessary to be acquainted willi the general theory 
of magnetism, and also with the magnetism of the earth, 
the director of the mariner's coiQpass — ^his guide through 
the ocean. 

The distribution of terrestrial magnetism is very com- 
plicated, and the obserFations simtdtaneously made at 
the various magnetic establishments recently formed in 
both hemispheres have changed many of the qpiniofts 
formerly received with regard to that science. 

Its influence, arisii^ from unknown causes in the in- 
terior of the earth, extends over every part of its surface, 
but seems to be independent of the form and of tiie. 
peculiarities of the exterior of our planet (a). Its 
action on the magnetic needle determines the magnetic 
poles of the earth, which do not coincide with the poles 
of rotation. 

Mr. Hansteen of Copenhagen computed, from obser- 
vations in various ^rts of the world, that there are two 
magnetic poles in each hemisphere, while M. Gauss 
has concluded there is only one in each (A)\ The 
position of one of these poles was determined by our 
gallant ebuntrymen when endeavoring to accomplish the 
north-west passage round America. It is situate in 70® 
5' 17" north latitude, and 96° 46' 45" west longitude. 
Another northern magnetic pole is known by observa- 
tion to be in Siberia, somewhat to the north ei 60° north 
latitude and in 102° east longitude, so that the two poles 
are 198° 46' 46" asunder. In his recent voyage to the 
Antarctic regions Sir James Koss ascertained that one 
of the southern magnetic poles is in 70° south latitude, 
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and about 162° «ast. longitade. The fNwition of the 
<»t;her south maguadc pole, if it exists, is unknown. 
/In coDsequenee of the attraction and repulsion of 
/' 'these poleSf^a needle suspended so as to mOFe freely in 

' a horizontal direction, whether it be magnetic or not, 
only remains in equilibrio when in the mecnQtic meridian, 
*that is, when it is Jn a place which passes through a 
north and a south magnetic pole. In some places the 

v^ magnetic nu^dian coincides witii the terrestrial me- 
/ridmn, and in these a magnetic needle freely suspended, 
as in^tfae mariner's 'compass, points to the true north ; 
but if it be carried suboessively to different places on 
Ae earth's surface its direction will deviate, sometimes 
to the east, and sometimes to ithe west of the true north. 
Imaginary hioies drawn on the globe throueh all the 
l^aces where the needle points due north and south are 
called lines of no variation. Imaginary lines drawn 
dirongh aU those places where the needle deviates from 
the geographical meridian by an equal quantity, are lines 
of equal variation. 

A magnetic needle suspended so as to be movable 
only in a vertical plane dips, or becomes more and more 
inclined to the horizon the nearer it is brought to a 
magnetic pole, and there it becomes vertical. Lines 
of equal dip are such as may be imagined to pas^ 
tiirough all-thosB pmnts on the globe where the dipping 
needle makes the same angle witii the horizon. In 
some places liie dipping needle becomes horizontal, and 
there the influences of the north and south poles are 
balanced, and an imaginary line passing through all such 
places is the magnetic equator. In gang north from 
the magnetic equator one end of the dipping needle dips 
more and more till it becomes perpendicular at the 
north magnetic pole, while in proceeding south from 
the magnetic equator tiie otiier end of the dipping 
needle dtps, and at last becomes perpendicular at the 
noftKth magnetic pole. The magnetic equator does not 
coincide with the terrestrial equator: it appears to be 
an irregular curve passing round the earth, inclined 
to the earth's equator at an angle of about 12°, and 
crossing it in several points, the position of which seems 
^U to be uncortam. Acoording to some accounts, three 
Cc 
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points have been ascertained in which tliat curve cuts 
the eauator ; yet Captain Duperry, who crossed it re- 
peatealy, affirms, from his own observations combined 
with those of M. Jules de Bosville and of Colonel 
Sabine, that it crosses the terrestrial equator in two 
points only, and those diametrically opposite one to the. 
other, and not far from the meridian of Paris. One of 
these nodes he places in the Atlantic, the other in the 
Pacific ocean. He finds that the magnetic equator 
deviates but little from the terrestrial equator iu' that 
part of the Pacific where there are only a few scattered 
islands (6), that as the islands become more frequent 
the deviation increases, and arrives at a maximum botih 
to the north and south in traversing the African and 
American continents; and that the symmetry of the 
northern and southern segments of this carve is much 
greater than was imagined. 

The intensity of the magnetic force is different in dif- 
ferent parts of the earth, iif a magnetic need]^, freely , 
suspended so as to move, horizontidly, and at rest in a 
-magnetic meridian, be drawn any number of degrees 
from that position, it will make a certain number of o&- 
cillations before it resumes its state of rest. The inten- 
sity of the magnetic force is determined from these os- 
cillations, in the same manner that the intensily of the 
gravitating and electrical forces is known from the vibra- 
tions of the pendulum and the balance of torsion {c)z 
and in all these cases it is proportional to the squares of 
the number of oscillations performed in a given time, 
consequently a comparison of the number of vibrations 
accomplished by the same needle during the same time 
in different parts of the earlli^s sur&ce will determine 
the variations in the magnetic action. By this method 
it was discovered that the intensity of the magnetic force 
increases from the equator toward the poles ; but the 
foci of the greatest total intensity of the magnetic force 
seem neither to coincide with the magnetic nor rotatory 
poles of the earth (d). One of these foci, according to 
Colonel Sabine's magnetic chart, is situate about the 47° 
south latitude and 140*^ east longitude, while another of 
less energy is in 60"^ south latitude and 235° east longi- 
tude. The point of least total magnetic intensity on the 
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whole globe is by the same chart about the 25° south 
latitude and 12° west longitude. In the northern hem- 
isphere the foci of maximum intensity are in lat. 54° 32^ 
N., long. 261° 27' E., and lat. 71° 20' N., lone. 119° 57' E., 
according' to M. Gauss's calculations. The magnetic 
intensity appears to be doubled in the ascent from the 
equator to Baffin's bay. 

Such are the principal phenomena of terrestrial mag- 
netism, but it is subject to secular, periodical, and tran- 
. sient disturbances still imperfectly known. In the north- 
ern hemisphere, die poles, the lines of equal and no 
variation, the equator, and in short the whole system is 
gradually moving toward the east, so that the relations 
observed in Europe two centuries ago have now reached 
the Jimits between Europe and Asia, while other parts 
of the system have moved gradualify over to us from the 
west. In the southern hemisphere the secular motion 
of the poles and of the whole system is in a contrary 
direction. The cause of these secular disturbances is 
idt^ether unknown. 

- Tne horizontal needle or compass at any one place is 
also subject^ to periodic and transient perturbations. 
Great disturbances occur on the same day, or nearly on 
the same day, in different years, from causes unknown. 

- There are also disturbances which, according to the 
observations of M. Kreil, in Milan, depend, on the decli- 
nation of the moon and her distance from the earth; 
others of shorter duration seem to be inthnately con- 
nected with the motion of the sun in regard to the mag- 
netic meridian of the place of observation. In conse- 
quence of the latter, the needle iu the same place is 
iBubject to diurnal variations : in our latitudes the end 
that points to the north moves slowly westward during 
the forenoon, and returns^ to its mean position about ten 
m the evening; it then deviates to tJie eastward and 
^;ain returns to its mean position about ten in the 
morning. 

M. Kupffer of Casan ascertidned that there is a noctur- 
nal as well as a diurnal variation, depending in his opinioit 
upon a variation in the magnetic equator. Magnetic 
storms, or sudden and great but transient disturbances, 
take place occasionally ia the compass, which are per- 
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ceived fjinmltaneously over widely extended regions; 
while others of less magnitnde and duration occtr Ynoire 
frequently, and are, equally ^it^ the greater, not amena- 
ble to any known laws. 

The dip 4s subject to a secular vanatioii, and according 
to Colenel Sabine has been decreasiing in iiorthem lati- 
tudes for the last fifty years at the fate of three minutes 
annually, and is probably owing to the secnlarmotion of 
the magnetic equator. There are disturbances also in 
the dip of a periodic nature, and otheni veiy transient, 
which M. Kreil attributes to weali shocks of earth* 
quakes, having observed that the greatest vertical dis- 
turbances have almost aimu^ coindded with consid^v- 
Mo earthquakes ev«n whan they occurred in remote 
regions. 

The magnetic intensify is subject to Tarioos changes. 
M. Hansteen has found that it has been decreasing an- 
nually at Christiana, London, and Paris at the rate, of 
its 235th, 725th, and 1020th parts respec^vely, which 
he attributes to the motion of the Siberian magnetiia 
pcAe. The moon increases the «(iagnetic intensity in 
our hemisphere : but her influence differs with her 4if* 
ference of position in the hewrens. The times of #ibra* 
tion of |he needle are less whfin the. m.o(»i has sout^ 
declination than when she has north, .and they. axe less 
when she is \fL perigee than in apogee. It is stiU donbtlul 
whether magnetic intensity vities witii the hei^t above 
the earth or not. 

The dimrnal variation in the horizontal intensHy ob- 
served by M. Hansteen at Christiana is probably owing 
to the sun's influence : indeed the whole of (he magnetio 
disturbances have been ascribed to that cause ; and he 
has even found a general resembianoe between the iso- 
thermal lines and the^ lines of equal dip on the surfiftoe 
of the earth : yet in the present state of our knowledge 
the magnetic phenomena can only be regarded as the 
effects of a combination of causes whose separate action 
is still unknown. 

The inyentor of the mariner's compass, like most of 
the early bene&ctors of mankind, is unknown. It is 
even doubted which nation first made use of magnetic 
polarity to determine positions on the surface of the globe. 
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But' it is §aid that a rude form of the comp6B»WB$ in- 
vented In Upper Asia, and conveyj3d thenc# bj die 
Tartars to China, where the Jesuit missionaries found 
traces of this instrument having been employed as a 
guide t6 land travelef s in very remote antiquity. Froin 
that the compass sprci^ over the East, and was imported 
into Europe by the Crusaders, and its construction im- 
.pn>ved by an artist of Amalfi, on the coast of Calabria. 
. It seems that the Chinese only employed twenty-four 
cardinal divisions, which the Germans increased to 
thirty-two, and gave* the points the names which they 
still bear. 

The variation of the compass was unknown until Co- 
lumbus, during his first voyage, observed that the needle 
declined from iixe meridian as he advanced across the 
Atlantic. The dip of the. magnetic needle was first no- 
ticed by Robert Norman, in the year 1576. 

Vjery delicate experiments have shown that all bodies 
are more or less susceptible of magnetism. Many of 
the gems give signs of it ; cobalt and nickel always i)os- 
sess the properties of attraction and repulsion. But the 
magnetic agency is niost powerfully developed in iron, 
and inr&at particular ore of iron called the loadstone, 
^vifeiich consists of the protoxide and the peroxide of mm, 
together with small portions of silica and alumini^ A 
metal is often suaceplible of magnetism if it orifly contains 
the 130,000 th part of its weight of 'iron, a quantity too 
small to. be detected by any chemical test* 

The bodies in question are naturally magnetic, but 
that property may be imparted by a variety df mlsthods, 
as by friction with magnetic bodies, or juxtaposition ta* 
them ; but none is more simple than percussion* A bar 
of hard steel, held in the direction of the dip, will be- 
come a magnet on receiving a few smart blows with a 
hammer on its upper extremity ; and M. Hansteen has 
aseeitained that eveiy substance has magnetic poles 
when held in that position, whatever the materials may 
be of which it is composed. 

One of the most distin^shing marks of magnetism is 

polarity, or the fu^perty a magnet possesses, when ireeij 

suspended, of spontaneously pointing pearty north and 

south, and alWf^s returning to that position wiien dis- 

20 c c 2 
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turbed. Another property of a magnet is liie attraction 
of unmSgnetiaed iron. Both poles of a magnet attract 
iron, which in return attracts either pole of ihe magnet 
wifii an equal and contnory force. The magnetic in- 
tensity is most powei^l at the poles, as may easily foe 
seen by dipping the magnet into Iron filings, which will 
adhere abundantly to each pole, while scarcely any 
aftach themisehros to the intermediate parks. The 
action of the magnet on unmagnetized iron is confined 
to attraction, whereas the reciprocal agency of magnets 
is characterized by a repulsive as weU as an attractive 
force, for a north pole repels«a north pole, and a south 
repels a south pole. But a north and a south pole 
mutually attract one another, whidi proves dtat there 
are two distinct kinds of magnetic forces, direcdy op- 
posite in thcnr effects, though ^milnr in their mode of 
action. 

Induction Is the power which a magnet possesses of 
-exciting temporary or permanent magnetism in su<^ 
bodies in its vidnity as are capable of receiidng it. By 
this property the mere approach of a magnet renders 
iron or £rt;eel magnetic, the more powerful^ the less the 
distance. When the north pole of a magnet is broi^t 
near to, and in the line with, ^n unmagnetized iron At*, 
the bar acquires all the properties of a perfect magnet ; 
the end next the north pole of the magnet becomes a 
south pole^ while the remote end becomes a north pole. 
Exactly the reverse takes place when the south pole is 
presented to the bar; sothat each pole of a magnet 
induces the opposite polarity in the adjacent end of the 
' bar, and the same polarity in the remote eKti*emity; 
consequently the nearest extrenaity of the bar is at- 
tracted, and <he fkrther repMied ; but as the action is 
greater on the adjacent tlum en the distant part, the 
resulting force is that of attraction. By inductsm, ^e 
iron bar not only acquires pohaity, but the power of 
inducing magnetism in a thii^d body ; atid aillioug^ all 
these properties vanish from the iron as soon as the 
nngnet is removed, a lasting ima-ease of imeiMity is 
generally imparted to the magnet itself by the resction 
of the temporary magnetism oi the iron. >likm acquires 
magnetism more rapidly than ateel, yet it keea it ma 
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qaickly on the removal ef the magoeft, whereas the 
steel i^ impressed with a kstiog polarity. 

A certain time is requisite for the inductioD of mag- 
netism, and it may be accelerated by anytiiing that 
excites a vilnratcny motion in the partides c^ the steel, 
such as the smart stroke of the hammer, or heat suc- 
ceeded by sudden cold. A steel bar may be converted 
into a magnet by the transmission of an electric discharge 
through it; and as its efficacy is the same in yrhaiever 
direction the eleetrickiy passes, the magnetism arises 
from its mechanical operation exciting a vibrotioti among 
the particles ^ steel. It has been observed that the 
particles of iron easily resume liieir neutral state after 
induction, but that tiiose of steel resist the rei^ration 
of magnetic equiliimum, or a return to the neutral state ; 
it is therefore evident, that any cause which removes 
or diminishes the resistance of the particles will tend to 
destroy the magnetism of the steel ; consequently, the 
same mechanical means which develop magnetism will 
also destroy it. On that account a steel bar may lose 
its magnetism by any mechanical concussion, such as by 
falUng en a hard substance, a blow witii a hammer, and 
heating to redness, which reduces the steel to a ttmie of 
softness. The circumstances which determine whether 
it shall gain or lose, are its position with respect to the 
magnetic equator, and the hi^r or lower intensity of 
its previous magnetic state. 

Polarity of one kind only cannot exist in any portion 
of iron or sted ; in whatever manner the intensities of 
the two kinds of polarity may be diffused through a mag- 
net, they exactly balance <m- oompensate eoe another. 
The northern polarity is confined to one-half of a mag- 
net, and the southern to the other, and they are gener- 
ally concentrated in or near the extremities of the bar. 
When a magnet is broken across its midcye, each frag- 
ment is at onee converted into a perfect magnet ; the 
part which originally had a north pole acquires a south 
pole at the fractured end ; the .part that mriginally had a 
jsoutii pole gets a north pole ; and as far as mechanical 
division can be carried, it is found th^t each fragment, 
however small, is a perfect magnet. 

A coraparitoo of the number Si vibratiojis aecemplished 
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by the jame needle, dnriDg the same time, at different 
distances from a magnet, gives the law of magnetic in- 
tensity, which follows the inverse ratio of the squares of 
the distances, — a law that is not affected by the inter* 
vention of any substance whatever between the magnet 
and the needle, provided' that substance be not itself 
susceptibie of magnetism. Induction and liie reciprocal 
action of magnets are therefore subject to the laws of 
mechanics ; but the composition and resolution of the 
forces are complicated, in . consequence of four forces 
being constantly in activity, two in each magnet. 

Mr. Were Fox, who has paid much attention to this 
branch of the science, has lately discovered tiiat the law 
of the magnetic force changes from the inverse squares 
of the distances, to the simple inverse ratio, when the 
distance between two magnets is as small as from the 
fourth to the eighth of an inch, or even as much as half 
an inch when ti^e magnets are large. He found, that 
in the case of repulsion, the change takes place at a stiU 
greater distance, especially when the two magnets differ 
materially in intensity. 

There can hardly be a doubt but that all the phenom- 
ena of magnetism, like those of electricity, may be ex- 
plained on the hypothesis of one ethereal fluid, which is 
condensed^r redundant in the positive pole, and deficient 
in the negative ; a theory that accords best with the sim- 
plicity and general nature of the laws of creation ; never- 
theless. Baron Poissoh has adopted the hypothesis of 
two extremely rare fluids pervading all the particles of 
iron, and incapable of leaving them. Whether the par- 
ticles of these fluids are coincident with the molecules 
of the iron, or that they only fill the interstices between 
thom, is unknown and immaterial. But it is certa'm that 
the sum of all the magnetic molecules, added to the sum 
of all the spaces between them, whether occupied by 
matter or not, must be equal to the whole volume of the 
magnetic body. When the two fluids in question are 
combined they are inert^ so that the substances contain- 
ing them show no signd of magnetism ; but when sepa- 
rate they are active, the molecules of each of the fluids 
attracting those of the opposite kind, and repelling those 
of the sanve kind. The decomposition of the united 



d by Google 



SscT* XXX. BARON POfSSON'S HYPOTHEBIS. 309 

fluids IB aceomplished by the inductive iiiflii«Dce of either 
of the seperate fluids ; that is to say, a ferruginous body 
acquires polarity by the approach of either &e south or 

«.,^iM>rth pole of the magnet. The magnetic fluids pervade 
y'^each molecule of the mass of bodies, and in all proba- 

/ bility the electric fluid does the same, though it appears 
fo be,confined to the sur&ce ; if so, a compensation must 
take place among the internal forces. The. electric 
fluid has a perpetual tendency to escape, and does es- 
cape, when not prevented by the coercive power of the 
surrounding fur and other non-conducting bodies. Such 
a tendency does not exist ia the magnetic fluids, which 
never quit the substance '^that contains them under any 
circumstances whatever ; nor is any sensible quantity of 
either kind of polarity ever transferred from one part to 
another of the same piece of steel. It appears that the. 
two inagnetic fluids, when decomposed by the influence 
of magnetizing forces, only undergo a displacement to 
an insensible degree within the body. The action of all 
the particles so displaced upon a particle of the magnetic 
fluid in any particular situation, compose a resultant 
force, the intensity and direction of which it is the prov- 
ince of the analyst to determine. In this manner M. 
Poisson has proved that the result of the action of all 
the magnetic elements of a magnetized body, is a force 
^uivalent to the action of a very thin stratum covering 
the whole su^ace of a body, and consisting of the two 
fluids — ^the austral and the boreal, occupying different 
parts of it ; in other words, the attractions and repul- 
sions externally exerted by a magnet, are exactly the 
same as if they {M'oceeded from a very thin stratum of 
each fluid occupying the surface only, both fluids being 
in equfld quantities, and so distributed that their totsd 
action upon all the pioints in the interior of the body is 
equal to nothing. Since the resulting force is the differ- 
ence of the two polarities, it^ intensity must be greatly 
inferior to that of either. - 

In addition to the forces afa-eady mentioned, there 
must be some coercive force analogous to friction, which 
arrests the particles of both fluids, so as flrst to oppose 
their separation, and then to prevent their reunion. In 
sofl; iron the coercive force is either wanting or ex^ 
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tremely feeble, nnce tiie iron is eiinly rendered mag- 
netic by induction, and as easily loses its magnetism ; 
whereas in steel the coercire force is extremely ener- 
getict beeaose it prevents the steel from acquiring the 
magnetic properties rapidly, and entirely hinders it 
from losing them when acqmred. The feebleness of 
tiie coercive force in inm, and its energy in steel, widi 
regard to the magnetic ilttida, is perfectly analogous to 
the facility of transmission afforded to the electric fluid 
fay non-electrics, and the resistance it experiences .in 
^ electrics. At every step the analogy between magnet- 
ism, and electricity becomes more striking. The agency 
of attraction and repulsion is common to both ; the pos- 
itive and negative electricities are similar to the northern 
and southern polarities, and are governed by the same . 
laws, namely, that between like powers there is repul* 
sion, and between unlike powers there is attraction. 
£ach of these four forces is capable of acting most ener- 
getically when alone ; but as the electric equilibrium is 
restored by the union of the two electric states, and 
magnetic neutrality by the combination of the two polar- 
ities, they respectively neutralize each other when 
joined. All these forces vary inversely as the squares 
of the distances, and consequently come under the same 
mechanical lavro. A like analogy extends to magnetic 
and electrical induction. Iron and steel are in a state of 
equilibrium when the two'magnetic pokiritj^es conceived 
to reside in them are equally diffused throughout the 
whole mass, so that they are altogether neutral. But 
this equilibrium is immediately disturbed on the i^proach 
of the pole of a magnet, which by induction transfers 
one kind of polarity to one end of the iron or steel bar, 
and the opposite kind to the other-r-eifects exactbjr simi- 
lar to electrical induction. There is even a correspond- 
ence between the fracture of a magnet and that of an 
electric conductor ; for if an oblong conductor be elec- 
trified by induction, its two extremities will have opposite 
electricities ; and if in that state it be divided across the 
middle, the two portions, when removed to a distance 
from one another, will each retain the electricity that 
has been induced upon it. The analogy, however, does 
not extend to transference. A body may transfer a ro- 
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dundiml fewQ^i^ of pfmHAv^ QieetrUM^ to anqtiiin^ or 
deprive anotber o£ ttA eU9€)(rioi^» th^ ona gftiiuiug^ at tha 
expense of the otitier ; but there W oo instance <x a body 
possessing only one kind of pqlarity. With this excep- 
tion, there is such perfect correspondence between the 
theories of magnetic attractions and repulsions and elec- 
tric forces in condi^ting bpdiea* thi^ they not only are 
the same in principle* but are determined by the same, 
formulas* Experiment ooncurs with theory in proving 
the identity of these two unseen influences. Hence S! 
ihe electrical phenomena be du.e to a modification of the 
ethereal mediunit the magnetic phenomena nuist be- 
owing to an snaJogous cause, and therefore, notwithstand-. 
ing the high authority of M- Poi^spn, they must also be, 
attributed to the leduodancy and defect of only one fluid. 

' With reference Ip liha subject of this chapter I havQ 
roceived the Ibllowiog information from Colonel Sabine^ 
one of the best authorities in this hranch^of science. 

The passage marked {A) ooofounds under the com- 
mon term of '' magnetic p^e,?' two things which are 
alike distinct ia conception and diflerent in reality. 
These are^ ist-->the bcahties oiBk the globe whera the 
needle is vertical, or the hori^ntal force ; and 2d — 
the kicaHties where the magnetic forces Deling on the 
sur&ce of the globe ha^e a maximum intensity, aipund 
which the isodynamic lines on the surface arrange them- 
selves in curves, and in departii^ &om which in eveiy 
direction (on the sur&ce) the intensity of tha force is 
found to decrease. 

The progress of terrestrial magnetism has been great^ 
impeded by mistakes arising from the diflerent under- 
standi^figs which different people have of what is meant 
by the term magnetks pde. It ia the more importanti 
to have dear ideas and a correct knowledge of facts in 
this matter, because the &ct8 <^ science are not such an 
in any respect to justify a confusion of terms ; not on« 
of the k)ca]ities where the intensity of the force ia a 
maximum coincides with a position where the ^p ia 
90«* ; nor does a dip of 90° anywhere cmncide wrai a 
position where the force is a maximum. 

There is in each hemisi^iere one localiQr whejce the 
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dip is 90°, and two kysalities wh«re the force ferms ft 
center of greatest intensity around which the isodynamic 
lines arrange themselyes.. The localities of dip 90° are 
rather spaces thim points.: thej are the major* axes of 
small ovals on the surface of the sphei;e ; consequently 
they are linear rather than circular spaces. The ^ot 
where Captain Rosis observed the needle s6 nearly ver* 
tical in 1831 marks the approximate position of that lo- 
cality at tiiat epoch. This position is, as Mrs* Som- 
L erville states, about 70° north, and 97° ^west. The 
. isodynamic centers in the satne hemisphere are situ- 
ated, one in America, the other in Siberia. The ob- 
servatioiis made anterior to 1837, which are collected 
and arranged in Colonel Sabine's report to the British 
Association of that year, gave, when treated by M. 
Gauss according to the formation of the "Allgemeine 
Theorie,'* the American maximilmi in 55° north and 97° 
west, and the Siberian in 71° nwth and 116° east. The 
more recent observations of Messrs. Lefiw and Locke^ 
who have traveled in America expressly for the more 
accurate determination of what appears so important a 
datum in terrestrial physics, and whose results are at 
this moment being arranged on a chart on which Cokmel 
Sabine is about to trace 3ie lines of highest intenaty in. 
America, show that the center of those. cutves is yet- 
farther to the southward by some degrees (consequently 
still more removed from the position where the dip is 
90°) than was supposed in 1837. 

The two maxima of ferce are not of equal strength : 
the Siberian is somewhat the weaker of the two. The. 
positions of both undergo seculai* change, and both in 
the same durection, viz. to the eastward. The secular 
change of the weaker or Siberian maximum is far more 
considerable than that of lihe. other. The secular 
changes of the iseolinal and isogenic curves correspond 
with those of the two systems of forces indicated by. 
distinct maxima having unequal movements of transla- 
tion. The higher isoclinal curves are oval, having their 
major axes in the line of direction joining the two points 
of maximum intensity. The general arrangement in the. 
south hemisphere is strictly analogoua : but the twa 
centers of force are at this epoch separated by a less iu« 
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terval of longitude than in the north hemisphere. Their 
respective longitudes, derived from the observations of 
the antarctic expedition which Colonel Sabine has re- 
duced and published in the Phil. Trans., are approxi- 
mately 130° and 220"" east. The latitudes are not de- 
. rivable from the observations with equal approximation ; 
but they do not appear to difibr much from tlie corres- 
ponding latitudes in the north; i. 6. the stronger about 
50° or 55° south, and the weaker about 70° sou&. Here 
also the weaker maximum has a very considerable sec- 
ular movement, amounting, as Cotonel Sabine has given 
reascm to believe in the Phil. Trans, of last year, to 
nearly 50° of longitude in 250 years : the secular change 
in tiie southern - hemisphere b^ng to the westward, 
while that in the northern is to tho eastward. 

The dip of 90° is fiur rmnoved from either of tfaeie 
localities ; its ap|m>ximat0 po«tion may be called abeut 
73^ south and 147° east; but the isocUnal curve of 89^ 
will doubtless be more correctly given when the Pagoda 
returns from the completion of the survey, and vvhen 
the whole of the observations in the southern hemis- 
phere are combined and treated accordiDg to liiefbrmule 
of the *• Allgemeine Tfaeorie." 

The object of the geographical branch of the magnetic 
observations of the last few years has been to dbtain 
determinations, with the improved instruments of the 
present time, in every accessible part of t^e ^obe, with 
a view of combining the results into magnetic charts of 
tihe three elements drawn directly from &e observations, 
and corresponding to die present epoch. The Magnedo 
Atlas will tiien be recomputed by tiie methods described 
in Gauss' ** Allgemeine Theorie." The observation part 
is nearly accomplished. 

(a) This is by no means established ; the distribution 
of land and water a{^ears to have considerable influence 
on the form of the magnetic equator, as Mrs. Somer* 
vine states at (6). 

(c) In the balance of torsion, th» intensity of electrical 
fbrces is not measured by oscillations, but by the torsioa 
necessary to destroy the deviation produced* 

{d) Refer to note {A)i 

P n 
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Sectioit XXXI. 

Discovery of ElectroMagnetism— DefleetsoB of the Magnetio N««4)» Vy a- 
CaiT«kt-<tf Blecthcily—DireGtiim of tke Fcmso— RotiUotj Motion by SlflP" 
txicity — Rotation of a Wire and a Magnet— Rotation of a Ma^et about 
its Axis— Of Mercury and Water— Electro-Magnetic Cylinder or Helix — 
Sutpeneion of a Needle in a Helix— Eleotn>-Magaetic.Ind«Qtioa— Ton- 
porary Magnets— The GalTanometer. 

The dbtarbing effects of th^auiora borealis and ligjak- 
*^\^iiiiig ofitbe madner's eempass had been long known. 
In the year 1819, M. Oersted, Professor of Natural 
Philosophy afe Copenhagen, discovered that & current of 
Voltaic electricity exerts a powerful influence on a mag- 
netised needle. This observation 'has ^ven rise to t&i 
tiieory of electro-magnetism — ^the most interesting sci- 
ence of modem times, whether it be considered as lead^ 
ing us a stop £utbm' in i^fiteralizatLpn, by identifyin||[ 
two agencies hitherto referred to different causes,, or as 
developing a new force, unparalleled in the system of 
the world, which, overcoming the retardation from fric- 
tion, and the obstade of a rousting mediu^, maintain^ 
a perpetual motion, often vaiidy attempted, but appa- 
r^itly impossible to be accomplished. by means of any 
4»tlier force or combination of fovces than the one in 
({oestion. i 

When the two poles of a Voltaic battery are connect- 
ed by a metaUio wire, so as to complete a circuit, the 
^eotricity flows without ceasing. If a stanight portion 
of that wire be placed parallel to, and horizontally above, 
a magnetized needle at rest in the magnetic meridian, 
6ut freely poised like the mariner's compass, the action 
of the electric current flowing through the wire will 
instantly cause the needle to change its position. Its" 
Axtremiiy will deviate from the north toward the east 
'>>r west, according to the direction in which the current 
is flowing ; and on reversing the direction of the current^ 
the motion of the needle will be reversed also* ^ The 
numerous experiments that have been made ''on the 
magnetic and electric fluida, as well as those op the vari- 
ous relative motions of a magnetic needle under the 
influence of galvanic electricity, arising from all possible 
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positions of die conducting- wire, and every direction ci 
the V^oltaie current, togetiier with all the other phe- 
nomena of electron-magnetism, are explained fay Dr. 
Roget in some excellent articles oa lliese subjects in the 
Library' of Useful Knowledge. 

AH the experiments tend to. prove that the force 
emanating from the electric current, whiclt produces 
such effects on the ma^etic needle, acts at right angles 
to the- current, and is therefore unlike any force hith- 
erto known. The action of all the forces in nature is 
directed in straight' tines, as far as we know ; ?far the 
curves described by the heavenly bodies result from liie 
composition of two forces ; whereas that which is ex- 
erted by an electiical current upon ^ther pc^e of a 
magnetic has no tendency to cause the pole to approach 
or recede, but to rotate about it. If the stream of elec^ 
tricity be supposed to pass through the center of a circle 
whose plane is perpendicular to the current, the di- 
rection of the force exerted by the electricity will always 
be in the tangent to the oircle, or at right angles to its 
radius (N. 217). Consequently the tangentiS force of 
the electricity has a tendency to make the pole of a 
magnet move^in a ch-cle round the wire of the battery. 
Mr. Barlow has proved that the action of. each particle 
of the electric fhiid in the wire, on each particle of the 
magnetic fluid in t^e needle, varies inversely as the 
squares of the distances. 

Rotatory motion was suggested by Dr. Wollaston. 
Dr. Faraday was the first who actually succeeded in 
making the pole of a magnet rotate about a vertical 
conducting wire. In order to timit the action of the 
electriei^ to one pole,' about two-thirds of a small mag- 
net were immersed in mercury, the lower end being 
fastened by a thread to the bottom of the vessel con-< 
taining the mercury. When the magnet was thus floating 
almost vertically with its north pole above the surface, a 
current of positive electricity was made to descend per- 
pendicularfy through a wire touching the mercury, and 
immediately the magnet began to rotate from left to 
right about the wire. The force being uniform, the 
rotation was accelerated till the tangential force was 
balanced by the resistance of the mercury, when it be- 
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oame constant. Under l^e same circunistsaQoes die 
south pole of the magnet rotates from right to left. It 
is evident from this experiment, that the wire may akao 
be>made to perform a rotation round the magnet, since 
the action of the current of electricity on the pole of the 
maghet mujut necessarily be accompanied by a corres- 
ponding reaction of the pole of the magnet on the elec- 
tricity in the wire. This experiment has been accom- 
plished by a vast number of conti*i?ances, and even a 
small battery, consisting of two plates, has performed 
the rotation. Dr. Faraday produced both motions at 
the same time in a vessel containing mercury ; the wire 
and the magnet revolved in one duection about a com- 
mon center of motion, each following the oth^r. 

The next step was to make a magnet, and also a cyl- 
inder, revolve about their own axes, which they do with 
great rapidity. Mercury has been made to rotate by 
means of Voltaic electricity, and Professor Ritchie has 
exhibited in the Royal Institution the singular spectacle 
of the rotation of water by the same means, while the 
vessel containing it remained stationary. The wat^r 
was in a hollow double cylinder of glass, and on being 
made the conductor of. electricity, was observed to re- 
volve in a regular vortex, changing its direction as the 
poles of the battery were alternately reversed^ Pro- 
fessor Ritchie found that all lihe different eonductora 
hitherto tried by him, such as water,. charcoal, &c., ^ve 
the same electro-magnetic results when transmitting the 
same quantity of electricity, and that tiiey deflect tlie 
magnetic needle in an equal degree, when their res- 
pective axes of conduction are at the same distance from 
it. But one of ^he most extraordifnaiy effects of the 
new force is exhibited by coiling a copper wire, so aa to 
form a helix or corkscrew, and connecting the extremi- 
ties of the wires with the poles of a galvanic battery. 
If A magnetized steel bar or needle be placed within the 
screw, so as to rest upon the lower part, the instant a 
current of electricity is sent l^rou^ the wire of the 
helix, the steel bar starts up by the<ii9^ueBce of this in- 
visible power, and remains suspended in the air in op- 
position to the force of gravitation (N. 218). The effect 
of the eleotro-magnetic power exerted by each turn of 
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the \me, is to urge the noirtli pole of tib» maf^iiet in one 
directioDy and the Bouth pole in the o^er. The foirce 
thus exerted is multiplied in degree and increased in ex- 
tent by each repetition of the toms of the wire, and in 
conseqoenoe of these opposing forces the bar remains 
suspended. This heKx has all the {nroperties of a mag-> 
net while the electrical curreat is flowing through it, 
and mi^y be substituted for one in almost every experir 
ment. It acts as if it ^ad a north pole at one extremi^ 
and a south pole at the other, and is attracted and re- 
pelled by the poles of a magnet exactly as if it were one 
itself. All these results depend upon the course <^ the 
electricity ; that is, on the direction of the turns of the 
screw, according as it is from right to left, or from left 
to right, being contrary in the two cases. "^ 

*The action of Voltaic electricity on a ma^et is not 
jDnly ^precisely the same with the action of two magnets 
on one another, bujt its influence in producing temporary 
magnetism in iron and steel is also the same with mag- 
netic induction. 1* he term induction, when applied to 
electric currents, expresses the power which these 
currents possess of inducing any particular state upou 
matter in tiieir immediate neighborhood, otherwise neu* 
tral or indiflerent. For example, the connecting wire 
of a galvanic battery holds iron filings suspended like an 
arti^ial . m^net, as long as the current continues to 
flow. through it; and the most powerful temporary mag- 
nets that h&ve ever been made are obtained by bending 
a thick cylinder of soft iron into the form of a horse- 
shoe* and surrounding it with a coil of thick copper wire 
covered with, silk, to prevent communication between 
its parts. When this wire forms part of a galvanic cir* 
cuit, the iron becomes so highlv magnetic, that a tom? 
porary magnet of this kind, maae by Professor Henry, 
of the Albany Academy, in the United States, sustained 
nearly a ton weight. The iron loses its magnetic power 
the ipstant the electricity ceases to circuteto, and ac- 
i;|uires it again as instantaneously when the circuit is re- 
newed. Temporary magnets have been made by Pro- 
fessor Moll of Utrecht, upon the same principle, capable 
of supporting 200 pounds* weight, by means of a battery 
of one plate less than half an inch square, consisting of 
dd2 
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two metilB soldered togo&er. It » truly won^torfol 
that an agent, erolved by so small an instrament, and 
diffused through a large mass of iron, riiould oommum- 
eate a force which seems so dasproportioBate. Steel 
needles are rendered pemumentiy magnetic by electrical 
induction ; the .effect is produced in a moment, and as 
readUy by juxtapositioft as by contact; the nature of 
the poles depends upon tJie direction of t^e current, 
and die intensUy irprc^artioQal to the quantity of elec- 
tricity* 

^^It appears ttiat the principle and chancterisdc phe> 
nomena of the electro-niagQetic science are, the evolu- 
tion of a tangential and rotatory force exerted between 
a conducting body and a magnet; and the transverse 
induction of magnetism by the conckicting body in sudi 
^substances as are msceptiUe of it. 

The action of an electric current causes a deviation of 
the compass from the plane of the magnetic meridian. 
In proportion as tiie needle recedes from the mendiao, 
Che intensity of the force of terrestrial magne^m in- 
creases, while at the same time the ^ectro-magnetie 
force diminishes ; the number of de^ees at which the 
needle stops, showing Where ^be equitibrium bcttween 
these two foi^ees takes pkice, will indicate the ifitensity 
of the galvanic current. The gedvanometer, construeted 
upon this principle, is employed to measure the inten- 
sity of galvanic currents collected and coavei^ to .it by 
wires. This instrument is rendered mucb more sensi- 
ble by neutralizing the effects of the earth's magnetism 
on tlie needle, which is accomplished by placing a sec- 
ond nn^etazed needle so as lx) counteract the action of 
the eart& on tiie first^ precaution requisite in aM del- 
icate magnetid^ experiments. 

"lEiectro-magnetic induction has been elegantly -and 
usefully employed by Professor Wheatstone as a mov- 
ing power in a telegraph, by- which intelUgenee is con- 
veyed in a time quite inappreciable, since &e eleotrieify 
would anke the circmtof liie globe in the tenth of a 
second. 
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Section XXXIL 

£lectro-DyBainie»— Reciprocal Actioi of Electric Cuneiit»— Identity of 
Electro-Dynamic Cylinders and MagneJ^s — Differences between the Ac- 
tion of Voltaic'Electricity and Electricity of Tension— Effects of a Voltaic 
Ctmwit'-Ainpdre's Tiieary. > 

Th£ science of electro-magnetiEHli, which must ren- 
der the name of M. Oersted ever memorable, relates to 
the reciprocal action of electrical and magnetic currents : 
M. Ampdre, by discovering the mutual action of ^ec- 
trical currents on one another, has added a new branch 
to the subject, to which be hal^ given ttie name of elec- 
tro-dynamics. 

« When electric currents are passing ,lhrough two con- 
. ducting wires, so suspended or supported as to be capa- 
ble of moving both toward and from one another, they 
i^ow mutual attraction or repukion, according as the 
currents are flowing in the same or in contrary direc- 
tions; the phenomena varykig wU;h the relative inclina- 
tions and positions of the streams of electricity. The 
-mutual action of such currents, whether they flow in the 
«9ame or in contrary directions, whether they be parallel, 
perpendicular, diTergtng,^o(mv^ging, circular, or heliacal, 
all produce diflbFont &ds dT motion in a conducting 
wire, botk reotilmeal and circular, and also the rotation 
of a vnre heM^, such as titat described, now caUed an 
'Electro-dynamic cylinder, on account of some improve- 
ments in its construction (N^ 219). And as the hypoth- 
esis of a force varying inversely as the squares of the 
distaoees accords perfectly wim all the observed i^e- 
nomena, these motions come under the same laws of 
dynamics and analysis as any other brandi of physics. 
• £lectro^namic cylinders act On each other precisely 
as if they were magnets during the time the electricity 
is flowing through them» - All the experiments that can 
-be perfomed i^fh the cylinder might be accomplished 
with a mbgcMt. That end^of the cylinder in which the 
current of positive eleetai^^ity is moving in a direction 
simSar to the miMson of the hands d^ a wateh, acts as the 
sounii pole ef ft mftgQet,«nd the ocher end, in which the 
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current is flowing in a contrary direction, exhibits north- 
ern polarity. 

The phenomena mark a very decided difference be- 
tween the action of electricity in motion or at rest, that 
is, between Voltaic and common electricity ; the laws 
they follow are in many respects of an entirely different 
natm-e, though the electricities themselves are identical. 
Since Voltaic electricity flows perpetually, it cannot be 
accumulated* and conse<iuently has no tension, or ten- 
dency to escape from the wires which couduct it. Nor 
do these wires either attract or repel light bodies 4n 
their vicinity, whereas ordinary electricity can be accu- 
mulated in insulated bodies to a great degree, and. in 
that state of rest the tendency to escape is proportional 
to the quantity accumulated and the resistance it meets 
with. In ordinary electricity, the law of action is that 
dissimilar electricities, attract, and similar electricities 
^^^^ repel one another. /'In Voltaic electricity, on the con- 
^"^^ferary, similar ourrems, or such as are moving in the 
same direction, attract -one another, while a mutual re- 
pulsion is exerted between dissimilar currents, or such 
as flow in opposite directions. ] Common electricity 
escapes when the pressure of me atmosphere is re- 
. ofM>ved, but the electro-dynamical effects are the same 
whether the conductors be in air or in vacuo. 

The effects produced by a current of electricity de- 
pend upon the celerity of its motion through a coflduct^ 
ing wire* Yet we are ignorant whet;her the motion be 
uniform or varied, but the method of transmission has a 
marked influence on the results ; for when it flows with- 
out intermission, it occasions a deviation in the magnetic 
needle, but it has no effect whatever when its motion is 
discontinuous or interrupted, like the current produced 
by the common electrical machine when a communica- 
tion is made between the positive and negative con- 
ductors. 

M. Ampere has established a theory of electro-mag- 
netism suggested by the atalogy betw0en electro-dy- 
namic cylinders and magnets, founded upon the recip- 
rocal attraction of electric currents, to which all the phe- 
nomena of magnetism and electro-mq^etlsm may be 
reduced^ by a8sumin^r that fche mi^^tic propertied 
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which bodies possess derive these properties from cur- 
rents of electi-icity circulating about every part in one 
uniform direction. - Although every particle of a magnet 
possesses like properties with the whole, yet the general 
effect is the same as if th& magnetic properties were 
confined to the surface. Consequently lie internal elec- 
tro-currents must compensate one another, and there- 
fore thd magnetism of a body is supposed to arise from \ 
a superficial current of electricity constantly ^circulating \ 
in a 'direction perpendicular tb^ the axes of th^ magnet; 
so that the recipriseat action of nuignets, and i^ the phe^ j 
noraena of electro-ujagnetismt are reduced to the action ' 
and reaction of superficial curFe&ts of electricity acting 
at right angles to their dtreetioii. Notwithstanding the ^ 
experiments made by M. Ampere to elucidate the sub* 
ject, there is still an uncertainty in fhd theory of the 
induction of magnetism by an electric current in a body 
near it. It does not' af^ar whether electric currents 
which did not previously exist are actually^ produced by 
Induction, or if its Effects be only to» give one uniform \ 
directi6n to the infinite number of electric currents pre* \ 
viously existing in the particlei^ of the body, and thus \ 
rendering them capable of exhibiting magnetic -^enom* / 
ena, in the same .manner as polarization reduces those / 
undulations of light to one plane which had pretiousl/ 
been performed in evejy plane. Possibly botii may be 
combined in producing the effect; for the action of an 
electric cui^rent may not only give a common direction 
to. those already existing, but may also increase thei^ 
intensify. However that may bej'-by assunaing that the 
attraction and repulsion of the elementary portions of 
electric currents vary inversely as the squares of the 
distances, the action being at right-angled to the dk^ec- 
tion of the current, it is found that tdie Uttraetion and 
repulsion of a current of indefinite length on the ele« 
mentary portion ^f a parallel current at any distance 
from it, is in the simple ratio of the ^ortest distance 
between them. Consequently the reciprocal action of 
electric currents is reduced to the composition imd res* 
olution of forces, so that ther phenomena of electro-mag- 
netism are brought Under the laws of dynamics by the 
theoxir of M. Ampdre. 



d by Google 



332 MAGMETO-BLECfriliCITY. Bsgt.XXUU. 



Section XXXIII. 

Maspieto-Electricity— Volta-Electric Induction— Magneto-Electric Induc- 
tion — Identity in. the Action of Electricity and'Magnetisnfi — Description 
' of a MafpMto-Electric Appantva and its Eflfecta — Identity of Ma^etism 
aiod Electiicity. 

From the law of actioo and reaction being equal and 
contrary, it might be expected that, as electricity pow- 
erfully affiact»nia^ets,80, conyersely,. magnetism ought 
t» jnroduce electrical phenomena. Hy proving this very 
important fi^ct from the, following swies of interesting 
and ingenious experiments, Dr. Faraday, has added 
another branch to the • science, which he has named 
magneto-electricity. : A great quantity of copper wire 
was coiled in< the form of a helix round one half of a 
ring of soft iron, and connected with a galvanic. battery ; 
whUe a similar helix connected with a^^vanometer was 
wound round the other half of the ring, but not touching 
the first helix. As soon as contact was made with the 
battery, the needle of the galvanometer was deflected. 
But die action was transitory; for when the contact 
was continued, the needle returned to its usual position, 
and vras not affected by the continual flow^of the elei^tri- 
city through the wire connected with the battery. '_ As 
soon however as the contact was broken, the needle of 
the galvan<Nueter was again deflected, but in the con- 
trary direction. Similai* effects were produced by an 
apparatus consisting of two helices of copper wire coiled 
round a block of wood, instiead of iron, from which Dr. 
Faraday infers that the electric current passing from the 
battery through one wire, induces a similar current 
through the other wire, but only at the ,instant of con- 
tact, and tliat a momentary current is induced in a con- 
trary direction when .the passage of the electricity is 
suddenly interrupted. These brief currents or waves 
of electricity were found to be capable of magnetizing 
needles, of passing through a small extent of fluid, and 
when charcoal points were interposed in the current of 
the induced helix, a minute spark was perceived as often 
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as the contacts were made or broken, but neither chem- 
ical action nor any other elecUic effects were obtained. 
A deviation of tbe needle of the ga\¥Anometer took place 
when common magnets were employed instead of the 
Voltiuc current; so that the magnetic and electric 
fluids are identical in their eifects in thb experiment. 
Again, when a helix formed of 220 /eet of copper wire, 
into which a cylinder of soft iron was introduced, was 
placed between the north and south poles of two bar 
magnets, and connected with the galvanometer by means 
of wires from each extremity, as often as the magnets 
were brought into contact wifii the fa*on cylinder, it be- 
came magnetic by induction, and produced a deflection 
in the ueedle o£ the galvanometer. On continuing the 
contact, the needle resumed its natui'al position, and 
when the contact was broken, deflection took place in 
the opposite direction; when the magnetic contacts 
were reversed, the deflection was reversed also. With 
strong magnetSf so powerful wa's the action, that the 
needle- of £e galvanometer whirled round several times 
successively-; and similar eflects were produced by the 
mexe approximation or removal of the heUx to the poles 
of l^e magnets. ^ Thus it was proved that magnets pro- 
duce the very same eflects on the galvanometer thut 
electricity, does. Though at th^t time no chemical de- 
composition was eflected by these motnentary currents 
which emanate irom the magnets, they agitated the 
limbs a£ a fro|^; and Dr. Faraday justly observes, that 
** an agent which is conducted along metallio wires in 
the manner described, which, while so passing, pos- 
sesses the peculiar magnetic actions and force of a cur- 
rent of electricity, which can agitate and convulse the 
limbs of a frog, and which Anally can produce a spark 
by its. discharge through charcoal, can only be electri- 
city." Hence it appears that elecd'ical currents are 
evolved by magnets, which produce the same phenomena> 
with the electrical currents from the Voltaic battery : 
they however difler materially in this respect — that 
time is required for the exercise of the magnetico-elec^ 
trie induction, whereas Volta-eiectric induction is in- 
stantaneous. >■ 

After Dr. Faraday had proved the identity of the 
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magoetic and electric fluids by producing the spark, 
heating metallic wires, and accomplishing chemical 
decompositions, it was easy to increase these effects by 
more powerful magnets and other arrangements. The 
apparatus liow in use is in effect a battery where the 
agent is the magnetic instead of the Voltaic fluid, or in 
other words, electricity, and is thus constructed. 

A very powerful horseshoe magnet, formed of twelve 
fiteel plates in close approximation, is placed in a hori- 
zontal position. An armature, consisting of a bar of the 
purest soft iron, has eadi of its ends bent at right ^ 
angles, so that the faces of those ends may be brought 
directly opposite and close to^ the poles of the magnet 
when required. Ten copper wires — covered with, silk, 
in order to insulate them — are wound round one hidf of 
the bar of soft iron, as a compound helix : ten other 
wures, also insulated, are wound round the other half of 
the bar. The extremities of the first set of wires are in 
metallic connection with 'a circular disc, which dips into 
a c^p of mercury, wfaSte the ends %(f the other ten wires 
in the opposite direction are soldered to a projecting 
screw-piece^ which carries a slip of copper with two 
opposite points. The steel magnet is stationary ; 1>ut 
when the urnature, together with its appendages, is 
made to rotate vertically, the edge of the disc always 
remains immersed in the mercury, while the p<^nts of 
t^e copper slip alternately dip in it and rise above it. 
By the ordinary laws of Induction, the armature- becomes 
a temporary magnet while its* bent ends are opposite 
the poles of the steel magnet, and ceases to be magnetic 
when they are at right angles to them. It imparts its 
temporary magnetism to the helices which concentrate 
it ; and while one set conveys a current to the disc, tlie 
otJier-set conducts tiie opposite current to the copper slip. 
As the edge of the revolving dkc is always immersed in 
the mercury, one set of wires is constantly maintained 
in contact with it, and the^ctrcutt is only completed 
when a point of the copper shp* dips in fiie mercury 
also; but the circuit is broken the moment that point 
rises above it. Thus, by the rotation of the armature, 
the circuit is alternately broken and renewed ; and as 
it is only at these moments that electric action is mani- 
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fested, a briiliant spark takes' fdace every time the cop- 
per point leaves die sipface of the merctiiy. Platina 
wire is ignited, shocks smarts enough to be disagreeable 
ar^ given, and water is decomposed with astonishing 
rapidity by the same means ; which proves beyond a 
doubt tiie identity of the magnetic and electric agencies, 
and places Dr. Faraday, whose experiments established 
the principle, in the -first rank 6f experimental philoso^ 
phers. 



Section XXXIV. 



Electricity produced by Rotation — Direction of tbe CurrenlB — Electricity 
from the Rotation of a Magnet— M. Arago'^ Experiment explained — 
Rotation of a Plate of Iron between the Poles of a Magnet— Relation of 
SubeUnces to Magnets of three kinds— Thermo-Electricity. 

M. AiLAeo discovered an entirely new source of mag- 
netism in rotatory motion. If a circular plate of copper 
be made to revolve immediately above or below a mag-^ 
netic needle or magnet, suspended in such a manner 
that the magnet may rotate in a plane parallel to that of 
the copper plate, the miagnet tends to follow the circum.' 
volution of the plate ; or if the magnet ■ revolves, the 
plate tends to^mOow its motion: so powerful is the 
effect, that magnets and plates of many pounds weight 
have been carried round. This is quite independent of 
the motion of tbe air, since it is the same when a pane 
of glass is interposed between tbe magnet and the cop* 
per. When the magnet and the plate are at rest, not 
the jsmatlest effect, attracttve, repulsive, or of any kind, 
can be perceived between them. In describing this 
phenomenon, M. Arago states that it takes place not 
only with metals, but with all substances, solids, liquids, 
and even gases, although^ the intensity depends upon 
the kind of substance in motk)n. Experiments made 
by Dr. Faraday explain this singular action. A plate 
of copper, twelve inches in diameter and one^fifth of an 
inch thick, was placed between the poles of a powerful 
horseshoe magnet, and connected at certain points with 
a galvanometer by copper wires. When the plate was 
at rest no effect was produced ; but as soon as the plate 
Eb 
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WHS made to revolve rapidly, the galvanometer needle 
was deflected sometimes as muqh as 90°, and, by a uni- 
form rotation, the deflection was constantly maintained 
at 45°. When the motion of the copper plate was se- 
versed, the needle was deflected in the contrary direc* 
tion, and thus a permanent current of electricity was 
evolved by an ordinary magnet. The intensity of the 
electricity collected by the wires, and conveyed by them 
to the galvanometer, varied with the position of the 
plate relatively to the poles of the magnet. 

The motion of the electricity in the copper plate may 
be conceived by considering, that merely by moving a 
single wire like the spoke of a wheel before a magnetic 
pole, a current of electricity tends to flow through it 
from one end to the other. Hence, if a wheel be con- 
structed of a great many such spokes, and revolved 
near the pole of a magnet in the manner of the copper 
disc, each radius or spoke will tend to have a current 
produced in it as it passes the pole. Now, as the 
circular plate is nothing more than an infinite number 
oi I'adii or spokes in contact, the currents will flow in 
the direction of the radii if a channel -be open for their 
return, and in a continuous plate that channel is afforded 
by the lateral portions on each side of the particular 
radius close to the magnetic pole. This hypothjBsis is 
confirmed by observation, for the currents of positive 
electricity set from the center to the circumference, and 
the negative from the circumference to the center,- and 
vice versd, according to the position of the magnetic 
poles and the direction of rotation. Sp that a collecting 
wire at the center of the copper plate conveys positive 
electricity to the galvanometer in one casje, and negative 
in another ; that collected by a conducting wire in con- 
tact with the circumference of the plate is always the 
opposite of the electricity conveyed from the center* 
It is evident that when the plate and magnet are both 
at rest, no effect takes place, since the electric currents 
which cause the deflection of the galvanometer cease 
altogether. The same phenomena may be produced by 
electro-magnets. The effects are similar when the 
magnet rotates and the plate remains at rest. When 
the magnet revolves uniformly, about its own axis, elec- 
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tricity of the same kind ts collected at its poles, and the 
opposite electricity at its equator. 

The phenomena which take place in M. Arago's 
experiments may be explained on this pnnciple. When 
both the copper plate and the magnet are revoking, the 
action of the induced electric corrent tends continually 
to diminish their relative mMion, and to bring the mov- 
ing^ bodies into a state of relative rest : so that if one be 
made to revolve by an extraneous force, the -other wiQ 
tend to revohe about it in the same direction, and with 
the same velocity. 

When a plate of iron, or of any substance capable of 
being made either a temporary or permanent magnet, 
revolves between the poles of a magnet, it is found that 
dissimilar poles on opposite sides of the plate neutralize 
each other's effects, so that no electricity is evolved; 
while similar pdes on each side of the revolving plate 
increase the quantity of electricity, and a single pole 
end-on is sufficient. But when copper, and stibstancea 
not sensible to ordinary magnetic impressions, revolve, 
similar poles on opposite sides of the plate neutralize 
each other; diss^ilar poles on each side exalt the 
action : and a single pole at the edge of the revolving 
plate, or end-on, does nothing. This forms a test for 
distinguishing the ordinary . magnetic force firom that 
produced by rotation. If unlike poles, that is, a nOrth 
and «outh pole, produce more effect than one pole, the 
force will be due to electric currents ; if similar poles 
produce more effect than one,' then the power is not 
electric. These investigations show that there are 
really very few bodies magnetic in the manner of iron. 
Dr. Faraday therefore arranges substances in three 
classes; with regard to their relation to magnets :-— those 
affected by the magnet when at rest, like iron, steel, 
and nickel, which ])ossess ordinary magnetic properties; 
those affected when in motion, in which electric cur- 
rents are evolved by the inductive foree of the magnet, 
such as hopper ; and, lastly, those which are perfectly 
indifferent to the magnet, whether at rest or in motion. 

It has already been observed, that three bodies are 
requisite to form a galvanic circuit, one of which must 
be fluid. But in 1822, Professor Seebeck, of Berlin, 
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discovered t^ajt. electric currents may be produced by 
the partial applicatioa of heat to a circuit formed of two 
solid couductorst. For example^ whea a semicircle of 
bismuth, joined to a semicircle of antimony, so as. to form 
a ringf is heated at one of the junctions by a lamp, a 
current of electricity flows through the circuit from the 
antimony to the Hbismuth, and such thermo-electric cur- 
rents produce all the elecjEro^nagnetic effects. A com- 
pass needle placed either within or without the circuit, 
and at a smaJi distance from, it, is deflected from its na- 
tural position, in a direction corresponding to the way in 
which the electricity is flowing.. If such a ring be sus- 
pended so as to move easily in any direction, it will obey 
the action of a magnet brought near ^t, and may even 
be made to revolve. Acccnrding to the researches of M. 
Seebeck, the same substance, unequally heated, exhibits 
electrical curr^ila ; and M. Nobili observed, that in ajl 
metals, except zinc, iron, and antimony, the electricity 
flows from the hot part toward that which is cold. . That 
phUoso|)her attributes terrestrial magnetism to a differ- 
ence in the action of heat on the various substances of 
which the crust of the earth is composed ; and in con- 
firmation of his views he has. produced electrical currents 
by the contact of two pii^ces of moist clay, of which one 
was hotter than the other. 

M^ Becquerel constructed ather>morelectric ba^ry of 
one kind of metal, by which he has determined the re- 
lation between th^ beat employed and the intensity of 
the resulting electricity. He found that in most metals 
the intensity of the current increases with the heat to a 
certain, limits but that this law extends, much &rther in 
metals that are difiiculttofuse, and which do not rust. 
The experiments of Professor Gumming show that the 
mutual action of a nmgnet; and a thermo-electric current 
is subject to the- same laws as those of magnets and gal- 
vanic currents, consequently. ^11 the phenomena of repul- 
aoon, attraction, and rotation maybe, exhibited by a thermo- 
electric current. M. Bot|K>, of Turin, has decomposed 
water and some solutions by thermo-electricity ; and 
very recently the. Cav. Antinori of Florence has suc- 
ceeded in obtaining, a brilliant spark with thie aid pf an 
.electro-dynamic coil. . . 
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- The principle otthermo-electricity has been employed 
by MM. Nobili and Melloni for measuring extreme^ 
minute quantities of heat in their experiments on the 
instantaneous traimmission of radiant caloric. The 
thermo-multiplier, which they constructed fbr that pur- 
pose, consists of a series of alternate bars, or rather fine 
wires of bismuth and antimony, placed side by side, and 
-the vextremities alternately soldered together. When 
-heat is applied to one end of this apparatus, the other 
remaining at its natural temperature, currents of elec- 
tricity flow through ea<^ pair of bars, which are conveyed 
by wires to a delicate galvanooieter, the needle of which 
points Out the intensity of the electricity conveyed, and 
consequently that of the heat employed. This inslm- 
ment is so delicate thai; the comparative warmth of dif- 
' ferent insects has been ascertained by means ef it. 



Section XXXV. 



The Acticn of Terrestrial Ma^etism upon Electric Currents— Induction 
of Electric Cvnrenta by Terrestrial Magnetism—The Earth. Ma^etic by 
.Induction — Mr. iBarlow's Experiment of an Artificial Sphere — The Heat 
of the Sun the Probable Cause of Electric Currents in the Crust of the 
Earth ; and of the Yanations in Tetrtatrial Magnetism — Electricity of 
Metallic Veins^Terrestrial Magnetism possibly owittg to Rotation — 
Magiieric Propertibs of the Celestial Bodies— Identity of the Five Kinds 
of Electricity—Connection between Light', Heat, and Electricity or Mag- 
netism. 

In all the experiments hitherto described, artificial 
magnets alone were used; but it is obvious that the 
magnetism of the terrestrial spheroid, which has so 
powerful an inllu«aH:e on the mariner^s compass, must 
also affect electrical currents. It consequently appears 
that A piece of copper wire bent into a rectangle, and 
free to revolve on a vertical axis, arranges itself with its 
plane at right angles to the magnetic meridian, as soon 
■as a stream of electricity is sent through it. Under the 
same circumstances a similar rectangle, suspended on a 
•horizontal axis at right angles to the magnetic meridian, 
assumes the same inclination with the dipping needle ; 
so that terrestrjal magnetism has the same influence on 
electrical currents as an artificial magnet But the 
•magnetic action of die earth also induces electric cur- 
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rents. When a hollow helix of copper wire, whose 
extremities are connected with the galvanometer, is 
placed in the magnetic dip, and suddenly inverted sev- 
eral times, accommodating this motion to the osciUations 
of the needle, the latter is soon made to vibrate through 
an arc of 80^ or 90®. Hence it is evident, th«it what- 
ever maj be the cause of terrestrial magnetism, it prc^ 
duces currents of electricity bj its direct inductive power 
upon a metal not capable of exhibiting any of the ordi- 
nary magnetic properties. The action on>the galvanom- 
eter is much greater when a cylinder of soft iron is 
inserted into the helix, and the same results follow the 
simple introduction of the iron cylinder into, or removal 
out of, the helix. These ^ eflfeets arise from the iron 
being made a temporary magnet by the inductive action 
of terrestrial magnetism ; for a piece of iron, such as a 
poker, becomes a magnet for the time, when placed in 
the line of die magnetic dip. 

M. Biot has formed a theory of terrestrial magnetism 
upon the observations, of M. de Humboldt as data. As- 
suming that the action of two opposite magnetic poles 
of the earth upon any point is inversely as the squares 
of the distances, he obtains a general expression for the 
direction of the magnetic needle, depending upon the 
distance between the north and south magnetic poles; 
so that if one of these quantities varies, the correspond-* 
ing variation of the other will be known. By making 
the distance between the poles vary, and comparing the 
resulting direction of the needle with the observations 
of M. de Humboldt, he found that the nearer the poles 
are supposed to approach to one another, the more the 
computed and observed results agree; and when the 
poles were assumed to coincide, or nearly so, the difiisr- 
ence between theory- and observation is tiie least possi- 
ble. It is evident, therefore, that' the earth does not 
act as if it werei.a permanently magnetic body, the dis- 
tinguishing characteristic of which is, to have two poles 
at a distauce from one another^. Mr. Barlow has^ inves- 
tigated this subject with much skill and- success. He 
fii»t proved that the magnetic power of an iron sphere 
resides in its surface ; he then inquired what the super- 
ficial action of an iron sphere in a state of transient mag- 
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netic induction, on a naagnetized needle,, would be, if 
insulated from the influence- of terrestrial magnetism. 
The results obtained, corroborated by the profound 
analysis of M. Poisson, on the hypothesis of the two 
poled being indefinitely near the center of the sphere, 
are identicalwith those obtained- by M. Biot for the 
earth from M. de Humboldt's observations. Whence 
it follows, that the laws of terrestrial magnetism deduced 
from the formulae of M. Biot, are inconsistent with those 
which belong to a peiinanent magnet, but that they are 
perfectly concordant with those belonging to a body -in a 
state of transient magnetic induction. The earth, &ere- 
fore, is to be considered as only transiently magnetic by 
induction, and not a real magndt. Mr« Barlow has ren- 
dered this extremely probable by forming a wooden 
globe, with grooves admitting of a copper wire being 
coiled round it parallel to the equator firom pole to pole. 
When a current of electricity was sent through the 
wire, a magnetic needle suspended above the globe, and 
neutralized from the influence of the earth's magnetism, 
exhibited all the phenomena of the dipping and varia* 
tion needles, according; to its positions with regard to 
the wooden globe. As there can be no doubt that the 
same phenomena would be exhibited by currents of 
tfaermo, instead of Voltaic electricity, if the grooves of \ 
the wooden globe were filled by rings constituted of two ] 
metals, or of one metal unequally heated, it seems highly 
probable that the heat of the sun may be a great agent 
in developing electric currents in or near the surfece of 
earth, by its actioil upon the substances of which' the 
globe is- composed, and by changes in its intensity, may 
occasion the diurnal variation of the compass, and the 
othef vicissitudes in terrestrial magnetism evinced by 
the disturbance in the direction of the magnetic lines, in 
the same manner as it influences the parallelism of ^e 
isothermal lines. That such currents do exist in mietal- 
liferous Veins, appears from the experiments of Mr. Fox 
in the Cornish mines. Even since the last edition of 
this book was published, Mr. Fox has obtained additional 
proof of the activity of electro-magnetism under the 
ear th'« surface. He has shown that not only the nature 
of the^ metalliferous deposits must have been determined 
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}fy their relative electrical coDditions, but that the direc- 
tioQ of the metallic veins must have been influenced by 
the direction of the magnetic meridians ; and in fact 
almost all th& metallic deposits in the worid tend from 
east to west, or from northeast to southwest. Though 
it is impossible to say in the present state of our knowl- 
^edge, how 6ir the sun may be concerned in the phe- 
nomena of terrestrial magnetism, it is probable that the 
secular and periodic disturbances in the magnetic force 
are occasioned' by a variety of other combining circun>- 
stances. Among these M. Biot mentions the vicini^ of 
mountain chains to the place of observation, and still 
more the action of extensive volcanic fires, which change 
the chemical §tate of the terrestrial surface, they them- 
selves varying from age to age, some becoming extinct, 
while others burst into activity. Should the ethereal 
medium which fills space be the same with the electric 
fluid, aS'M. Mo8Sotti*supposes, may not the heat of the 
sun rarefy it at the' earth's equator, and thus by the in- 
equality of its distribution, and its superior density at 
the poles, occasion some of the magnetic phenomena of 
the globe ? and may not the sun's motion in declination 
cause temporary variatious. of density in the fluid, and 
produce periodic changes in the magnetic equator and 
intensity? Were, this the case, all the planets would 
be magnets like the earth, being precisely in similar cir- 
cumstances. 

It is moreover probable, that terrestrial magnetism 
may be owing, in a certain extent, to the earth's rota- 
tion. Dr. Faraday, has proved that all the phenomena 
of revolving plates may be produced by the inductive 
action of the earth's magnetism idone. If a copper plate 
be connected wit^ a galvanometer by two copper wires, 
one from the center and another from the circumference, 
in order to collect and convey the electricity, it is found 
that when the plate revolves in a plane passbag through 
the line of the dip, the galvanometer is not affect^. 
But; as soon as the plate is inclined to that plane, elec^ 
tricity be^ns to be developed by its rotation ; it becomes 
more powerful as the inclinatipn increases, and arrives 
at a maximum when the plate revolves at right angles to 
the line of the dip. When the revolution is in the same 
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direction with that of the haads of a watch, the current 
of electricity flows from its center to the circumference ; 
and when the rotation is in the opposite direction, the 
current sets the contrary way. The greatest deviation 
of the galvanometer amounted to 60° or 60°, when the' 
direction of the rotation was accommodated to the oscil- 
lations of the needle. Thus a copper plate, revolving in 
a plane at right angles to the line of the dip, forma a new 
electrical machine, differing from the common plate- 
glass, machine, by the material of which it is composed 
being the post perfect conductor, whereas glass is the 
most perfect non-conductor; besides, insulation, 'which 
is essential in the glass ^nachine, is fatal in the copper 
one. The quantity of electricity evolved by the metal 
does not appear to b& inferior to that developed by the 
glass, tholtgh very different in intensity.- . 

From the experiments of Dr. Faraday, and 4dso from 
theory, it Js possible that the- rotation of t)ie earth may 
produce eleeti^c currents in its own mass. In that case, 
they would flow superficially in -the meridians, and if 
collectors could be applied at the- equator, and poles, as 
in the revolving plate, negative electricity would be col- 
lected at the equator, and positive at the poles; that is 
to Bay, there would be a deficiency at. the equator and a 
redundancy at the poles ; but without something equiv- 
alent to conductors to comf^ete the circuit, these cur- 
rents could not exist. 

Since the motion, not only of metals but even of fluids, 
when under the influence of powerful magnets, evolves 
electricity, it is probable that the gulf-stream may exert 
a sensible influence upon the forms of the lines of mag- 
netic variation, in consequence of electric currents mov- 
ing across it, by the electro-magnetic induction of the 
earth. £ven a ship, passing over the surface of the 
water in northern or southern latitudes, ought to have 
electrfc currents running directly across the line of her 
motion. Dr. Faraday observes, that such is the &cility 
with which electricity is ewlved by the earth's magnet- 
ism, that scarce any piece of metal can be moved in 
contact with others without a development of it, and 
consequently, anaong the arrangements of steam-engines 
und metallic machineiy, curioas electFO-magnetic com- 
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bioatroDs probably exist, which have never yet been no- 
ticed. 

According to the observations of MM. Biot and Gay- 
Lnssac, during their aerostatic expedition, the magnetic 
action is not confined to the surface oi the earth; but 
extends into space. The moon has become highiy 
magnetic by induction, in consequence of her proximity 
to the earth, and because her greatest diameter always 
points toward it. Her influeoce on terrestrial magnetism 
is now ascertained : the magnetism of the hemisphere 
that is turned f oward the ei^th attrapts the pole of our 
needles that is turned toward the south, and increaises 
the magnetism of our hemisphere ; and as the magnetic, 
like the gravitating force, extends through space, the 
induction of tbe sun, moon, and planets must occasion 
perpetual variations in the intensity of terrestrial mag- 
netism, by the continual changes in their relative posi-. 
tions. 

In the brief sketch that has been given of |he five 
kinds of electricity, those points of resemblance have 
been pointed out which are chai'acteristic of one indi- 
vidual power. But as many anomalies have been lately 
removed, and the identity of Xhe different kinds placed 
beyond a doubt by Dr. Faraday, it ipay be satisfactory 
to take a summary view of the various coincidences in 
their modes of action bn which their identity has been so 
ably and completely established by that great electrician.. 
/'The. points of comparison are attraction and repulsion \ 
^t sensible distances, discharge from points through air, \ 
the beating power, magnetic influence, chemical decom- \ 
position, action on the human frame, and lastly, the spark. ; 
^^ Ordinary electricity is readily discharged from points . 
through air, but Dr. Faraday found that no sensible ef- 
fect takes place from a Voltaic battery consisting of 140 
double plates, either through air or in the ei^austed 
receiver of an air-pump, the tests of the discharge being 
the electrometer and chemical action, — a circumstance 
owing to the small degree of tension, for an enormoua 
quantity of electricity is required to make these effects 
sensible, and for that reason they cannot be expected 
from the other kinds, which are much inferior in dc^ 
gree. Common electricity passes easily tlxrough rar^- 
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fied and hot air, and also through )8ame. Dr. Faraday 
effected chemical decomposition and a deflection of the 
galvanometer by the transmission of Voltaic electricily 
through heated air, and* observes that these experiments 
ai'e only cases of the discharge which tpkes place through 
ail* between the charcoal terminations of the poles of a 
powerful battery when they are gradually separated 
after contact — for the air is then heated. SU: Humphry 
Davy mentions that, with the original Voltaic apparatus 
at the Koyal Institution, the discharge passed through 
fom* inches of air ; that, in the exhausted receiver of an 
air-pump, the electricity would strike through nearly 
half an inch of space, and the combined el&cts of rare^ 
faction and heat upon the included air were such as to 
enable it to conduct the electricity through a space of six 
or seven inches. A Ley den jar may bejnstantaneously 
charged with Voltaic, and also with magneto-electricity 
— another proof of their tension. Such effects cannot be 
obtained frcyp the other kinds, on account of their weak-, 
ness only. 

The heating powers of ordinary and Voltaic electri- 
city have long been known, but the world is indebted to 
Dr. Faraday for the wonderful discovery of the heating 
power of the magnetic fluid: there is no indication of 
heat either from Sie animal or thermo electricities. All 
kinds of electricity have strong magnetic powers, those 
of the Voltaic fluid are highly exalted, and the existence 
of the magneto and thermo electricities was discovered 
by their magnetic influence alone. The needle has 
been deflected by all in the saiiie manner, and magnets 
have been made by alP according tO' the same laws. 
Ordinary electricity was long suppos^ed incapable of de- 
flecting the needle ; M. Colladon and Dr. Faraday how- 
ever have proved tiat, in this respect also, ordinary elec- 
tricity agrees with Voltaic, but that time must be allowed 
ibr its action. Itdeflecfed the needle, whether the cur- 
rent was sent through rarefied air, water, or wire. 
Numerous chemical decompositions hav^ been effected 
by ordinary and Voltaic electricity, according to the 
same laws and modes of arrangement. Dr. Davy de- 
composed water by the .i^ie gtricity of the torpedo ,^-Dr. 
Faraday accomplished its decomposition, and Dr.llitchie 
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ha composition, by meaoa of map|n^ |fift su*f\i^n : and M. 
Botto of Turin has shownVtJie chemical effects of the 
»tia|-mn-Aiftn^l^^^jr^ jpQ the docomposition of water, and 
some other substances. Th^ ete^^tl^ ^^ g ^vstnu". 
shock, th^ flash in the eyes, writ {he sensation on the 
tongue, are well known. All these effects are produced 
by m agneto-electrjc ity, eyen to a painful degree. The 
torpedo aud ^ muOltN' i&iectricus give severe shocks, and 
the limbs of a ft-og have beeniconvulsed by thermo-elec- 
tricity. The last point of comparison is the spark, 
which is common to the ordiiiary Voltaic and magnetic 
fluids ; and Professor Linari, of Siena, has very lately 
obtained both the direct and induced sparks from the 
torpedof proving that in this raspiBc t ^nin^al lylent^'ifiity 
does not differ from the others. Indeed,- the conclusion 
drawn by Dr. Faraday is that the five kinds of electri- 
city are identical, and that the differences' of intensity 
and quantity are quite sufficient to account for what 
^^ere supposed to be their distinctive qualities* He has 
given still greater assurance of their identity by showing 
that the magnetic force and the chemical action of elec- 
tricity are in direct proportion to the absolute qtianti^ 
of the fluid which passes through the galvanonleter, 
whatever its intensity may be. 

In light, heat, and electricity, or magnetism, natui*e 
has exhibited principles which do not occasion any ap^ 
preciable change in the weight of bodies, although their 
presence is manifested by the most remarkable mechan- 
iccil and chemical action. These agencies are so con- 
nected, that there is reason to believe they will ulti- 
mately be referred to some one power of a higher ord^r, 
in conformity with the general economy of ftie system 
of the world, where the most Varied and complicated 
effects are produced by a small number of universal 
laws. These principles penetrate matter 'in all direc- 
tions; their velocity is prodigious, and their intensity 
varies inversely as the squares of the distances. The 
development of electric currents, as well by magnetic 
as electric induction, the sinrilatity in their mode of ac- 
tion in a great variety of circumstances, but above all, 
the production of the spark from a magnet, the ignition 
of metallic wires, and chemical decomposition, show that 
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magnetism can no longer be regarded as a separate in- 
dependent principle. Although the evolution of Ught 
and heat during the passage of the electric fluid may be 
from the compression of the afar, yet the development 
of electricity by heat, the injfluence of heat on magnetic 
bodies, and that of light on the vibration of the compass, 
show an occult connection between all these agents, 
^hich probably will on^ day be revealed. In the mean 
time it opens a noble field of experimental research to 
philosophess of the present, perhaps of future ages. 



Section XXXVI. 



Bthereal Medinm-'Cmuets— Do not disturb tbe Solar S]r8teia~Th«ir 
Orbits and Disturbances— M. Faye's Comet, probably the same with 
Lexers— Periods of other three known— Bailey's— Acceleration in the 
Mean Motions of Eucke's and Biela's Comets—The Shock of a Comet— 
Disturbioff A^ion of the Earth and PlaneU on Encke's and Biela's, 
Comets— VelflWy of Comets— The Great Comet of 1843— Physical Con- 

' Btitution— Shine by borrowed Light — Estimation of their Number. 

In considering the constitution of the earth and the 
fluids which surround it, various subjects have presented' 
themselves to our notice, of which some, for aught we* 
know, are confined to the planet we inhabit ; some are 
common to it and to the other bodies of our system. 
But an all-pervading ether probably fills the whole visi- 
ble creation, and conveys, in the form of Jight, tremors 
which may have been excited in the deepest recesses 
of the universe thousands of years before we were called 
into being. The existence of such a medium, though 
at first hypothetical, is nearly proved by the undulatory 
theory of ^1^, and rendered all but certain within a 
few years Ify the motion of comets, and by its action 
upon the vapors of which they are chiefly composed. 
It has often been imagined, that, in addition to the ef- 
fects of heat and electricity, the tails of comets ' have 
infused new substances into our atmosphere. Possibly 
the earth may attract . some of that nebulous matter, 
since the vapors raised by the sun's heat, when the 
comets are in perihelio, and which form their tails, are 
scattered through space in their passage to their aphe- 
lion; but it has hit^Ferto produced no effect, nor have 
92 Ff 
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the seBSODS ever been influenced by these bodies. The 
light of the comet o£ the year 1811, which was so bril- 
liant, did not impart any heat even when condensed on 
the bulb of a thermometer, of a structure so delicate 
that it would have made the hundredth part of a. degree 
evident. In all probability, the tails of comets may have, 
passed over the earth without its inhabitants being con- 
scious of their presence ; and there is reason to believe 
that the tail of the great comet of J,843 did so. 

The passage of comets has never sensibly disturbejd 
the stability of the solar system ; their nucleus, being in 
genera] only a mass of vapor, is so rare, and their transit 
so rapid, that the^ time has not been, long enough to ad- 
mit of a sufficient accumulation of impetus to produce a 
perceptible action. Indeed M. Dusejour has proved, 
that under the most fevorable circumstances, a corned 
cannot remain longei" than two hours and a half at a less 
distance from the earth than 10,500 leagues. The 
•comet of 1770 passed within about six timeai^Q distance 
of the moon from the earth, without even affecting our 
tides. According to La Place, the action of the earth 
on the comet of 1770 augmented the period of its revolu- 
tion by more than two days ; and if comets had any per- 
ceptible disturbing energy, the reaction of the comet 
ought to have increased the length of our year. Had 
the mass of that comet been equal to the mass of the 
earth, its disturbing action would have increased the 
length of the sidereal year by 2'' 53" ; but as^ Delambre's 
computations from the Greenwich observations of the 
sun show that the length of the year has not been in- 
cveased by the iraction of a second, its mass could not 
have been equal to the j^Vii^h part of that of the earth. 
This accounts for the same comet having twice swept 
through the system of Jupiter's satellites without de- 
ranging the motion of these moons. M. Dusejour has 
computed that a comet, equal in mass to the earth, pass- 
ing at the distance of 12,150 leagues from our planet, 
would increase the length of the year to367'* 16»»5", and 
the obliquity of the ecliptic as much as ij°. So the 
principal action of comets would be to alter the calendar, 
even if they were dense enough to aiTect the earth. 

Comets traverse all pai*t% of the heavens ; their paths 
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have every possible inclination to the plane of the eclip- 
tic, and, unlike the planets, t^e motion of more than 
half of those that have appeared has been retrograde, 
that is, from east to west. They are only visible when 
near their perihelia; then their velocity is such, that its 
square is twicQ as great. as that of a body moving in a 
circle at the same dtstaoce : they consequently remain 
biit a very short time within the planetary orbits^ And 
as all the conic sections of the same focal distance sen- 
sibly coincide, through a small arc, on each side of the 
extremity of their axis, it is difficult to ascertain in which 
of these curves the comets move, from observations 
made, as they necessarily must be, at their perihelia 
(N. 220). Probably they all move in extremely eccen- 
tric ellipses ; although in most cases the parabolic curve 
coincides most nearly with their observed motions. 
Some few seem to describe hyperbolas ; sucli, being once 
visible to nsy would vanish forever, to wander through 
boundless space, to the remote systems of the universe. 
If a planet be supposed to revolve in a c'urcular orbit, the 
radius of which is equal to the perihelion distance of a 
comet moving in a parabola, the areas described by these 
two bodies in thei same time will be as unity to the 
square root of two, which fwms such a connection be- 
tween the motion of comets and planets, that by Kep- 
ler^s lawt the ratio oi the areas described during the 
same time by the comet and the earth may be found. 
So that the place of a comet may be computed at any 
timte in its parabolic orbit, estimated from the instant of 
its passage at the perihelion. It is a problem of very 
great difficuli^ to determine all the other elements of 
parabolic motibo— ^namely, the comet^s perihelion dis- 
tance, or shortest distance from the sun, estimated in 
parts of the mean distance of the earth from the sun ; 
the longitude of the perihelion v the inclination of the • 
orbit on the plane of the ecliptic ; and the longitude of , 
the ascending node. Three observed longitudes and 
]al;itndes of a comet are sufficient for computing the ap- 
proximate values of these quantities; but an accurate 
estimation of them can only be obtained by successive 
coiTections, from a number of observations, distant from 
one anodier. When the motion of a comet is retrograde, 
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thn place of tbe ascending node is exactly opposite to 
what it is when the motion is direct. Hence the place 
oJTthe ascending node, together with the direction (Mf the 
comet's motion, show whether the inclination of. the 
orbit is on the north or south side of the plane of the 
ecliptic. If the motion be direct, the inclination is on 
the north side ; if retrograde, it is on the south side. 

The identity of the elements is' the only proof of the 
return of a comet to our system. Should the elements 
of a new comet be the same, or nearly the same, with 
those of any one pretiously known, the probability of 
the identity of the two bodies is very great, since the 
similarity extends to no less than four elements, every 
one of which is capable of an infinity of variations. But 
even if the orbit be determined with all the accuracy the 
case admits of, it may be difficult, or even impossible, 
to recognize a comet on its return, because its orbit 
would be very much changed if it passed near any of 
the ]a)*ge planets of this or of any other system, in con- 
sequence of their disturbing energy, which would be 
very great on bodies of so rai*e a nature. 

By far the most curious and interesting instance of 
the disturbing action of the great bodies of our system 
is found in the comet of 1770. The elements of its or- 
bit, determined by Messier, did not agree with those oi 
any comet that had hitherto been computed, yet Lexel 
ascertained that it described an ellipse about the sun, 
whose major axis was. only equal ta three times the 
length of the diameter of the terrestrial orbit, and con- 
sequently that it must return to the sun at intervals of 
^ve years and a half. This result was confirmed by 
numerous observations, as the comet was visible through 
an arc of 170° ; yet this comet had never been observed 
before the year 1770, nor has it ever again been seen- 
till 1843, though very brilliant. The disturbing acition 
of the larger planets affords a solution of this anomaly, 
as Lexel ascertained that in 1767 the comet must have 
passed Jupiter at a distance less than the fifty-eighth 
part of its distance from the sun, and that in 1779 it 
would be 5Q0 times nearer JuiMter than the sun ; conse- 
quently the action of the sun on the comet would not be 
the fiftielli part oi what it would experience from Jupi» 
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t0r, so liiat Jupiter became the primnm mobile. As- 
suming the orbit to be such as hexeX had determined Id 
1770, La Place found that the action of Jupiter, previ- 
ous to the year 1770, had so completely changed the 
form of it, that the comet which had been invisible to us 
before 1770, was then brought into view, and that the 
action of the same planet producing a contrary effect, 
has subsequently to that year removed it from our sight, 
since it was computed to be revolving in an orbit whose 
perihelion was beyond the orbit of Ceres. However, 
the action of Jupiter during the summer of 1840 must 
have been so great, from his proximity^to that singular 
body, that he seems to have brought it back to its former 
path, as he had done in 1767, for the elements of the 
orbit of a comet which was discovered in November, 
1843, by M. Faye, agree so nearly with those of the 
orbit of Lexers comet as to leave scarcely a doubt of 
their identity. From the smallness of the eccentricity, 
the orbit resemble^ those of the planets, but this comet 
is liable to greater perturbations ihatx any other body in 
the system, because it comes very near the orbit of 
Mars when in perihelion, and ver]^ near that of Jufnter 
.when in aphelion ; besides. It passes within a compara- 
tively small distance of the orbits of the minor planets, 
and as it will continue to cross die orbit of Jupiter at 
each revolution till the two bodies meet, its periodic 
time, now about seven years, will again be changed, but 
in the mean time it ought to return to its perihelion in 
the year 1851. This comet might have been seen from 
the earth in 1776, had its light not been eclipsed by that 
of the sun. It is quite possible that comets frequenting 
our system may be turned away, or others brought to 
the sun, by the attraction of planets revolving beyond 
the orbit c^ Uranus, or by bodies still farther removed 
from the solar influence. 

Other three comets, liable to less disturbance, return 
to the sun at stated intervals. Halley computed the 
elements of the orbit of a comet that appeared in the 
year 1682, which agreed ao nearly with those of the 
comets of 1607 and 1531, that he concluded it to be the 
same body returning to the sun at intervals of about 
seventy-five years. He consequently predicted its re- 
tf2 
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ftppeamnce in the year 1758, or In the beginning of 
1759. Science was not sufficietoUy adiranced in the time 
of Halley^ to enable him to determine the perturbations 
this comet might experience; but Clairaut computed, 
that in consequence of the attraction of Jupiter and 
Saturn, its periodic time would be so mijich shorter than 
during its revolution between 1607 and 1682, that it 
would pass its perihelion on the 18th of April, 1759. 
The comet did arrive at that point of its orbit on the 12th 
of March, which was thirty-seven days before the time 
assigned. Clairaut subsequently reduced the error Uy 
twenty- three days^ and La Place has since shown tliat 
it would only have been thirteen days if the mass of 
Saturn had been as well known asit is now. It appears 
from this, that the path of the comet was not quite kn6wn 
at that period | and although many observations were 
Chen made, they were far from attaining the accuracy of 
those of the present day. Besides, since the year 1759 
the orbit of the comet has been altered by the attraction 
of Jupiter in one direction, and that of the earth, Saturh, 
and Uranus, In the other; yet, notwithstanding these 
sources of uncertainty, and our ignorance of aU tiie pos- 
eible causes of demngement from unknown bodies on 
the confines of our system, or in the regions beyond it, 
the comet has appeared exactly at the time, and not far 
from the place, assigned to it by astronomers ; and its 
ftctual arrival at its perihelion a little before noon on the 
16th of November, 1835, only differed from the com- 
puted time by a very few days. 

The fulfilment of this astronomical prediction id truly 
wonderful if it be considered that the comet is seen only 
for a- few weeks, during its passage through our system, 
and that it wanders from the sun for seventy-five years 
to twice the distance of Uranus. This enormous orbit 
is four times longer than it is broad ; its- length is about 
3420 millions of miles, or about thirty-sn times the mean 
distance of the earth from the sun. At its perihelion 
the comet comes within nearly fifty-seven millions of 
miles of the sun, and at its aphelion it ih sixty times 
more distant. On account of this extensive range it 
miut experience 3600 times more light and heat when 
Dearest to the sun than in the most renfote point of its 
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'cnrbit. In the one position the sun will seem to be four 
times larger than he appears to us, and at the other ho 
will not be apparent^ larger than a star (N. 221), 

On the first appearance of Halley's comet, early in 
August, 1835, it seemed to be merety a globular mass of 
dim vapor, without a tail. A concentration of light, a 
little on on^ side of the center, increased as the comet 
approached the sun and earth, and latterly looked so 
like the disc of a small planet, that it might have been 
mistaken for a solid nucleus. M. Strove, however, saw 
a central occuUation of a star of the ninth magnitude by 
the comet, at Dorpat, on the 29th of September. The 
star remained constantly visible, without any considera- 
ble diminution of light ; and instead of being eclipsed, 
the nucleus of the comet disappeared at the moment of 
conjunction from the brilliancy of the star. The tail 
increased as the comet approached its perihelion, and 
shortly before it was lost in the sun*s rays, it was between 
thirty and forty degrees in length. 

According to; the observations of M. Valz, of Nismea, 
the nebulosity increased in magnitude as it approached 
the sun; but no other comet on record has esihibited 
such sudden and unaccountable changes of aspect. The 
nucleus, clear and well defined, like the disc of a planet, 
was observed on one occasion to become obscure and en- 
larged in the course of a few hours. But; by far the 
most remarkable circumstance was the sudden appear- 
ance of certain luminous brushes or sectors, diverging 
from the centier of the nucleus through the nebulosity. 
M. Struve describes the nucleus of the comet, in the 
beginning of October, as elliptical, and like a burning 
coal, out of which there issued, in a direction nearly op- 
posite to the tail, a divergent flame, varying in intensity, 
form,, and direction, appearing occasionally even double, 
and suggesting the idea of luminous gas bursting from 
the nucleus. On one occasion M. Ar^go saw throe of 
these divergent flames on the side opposite the tail, rising 
through the nebulosity, which they greatly exceeded in 
brilliancy : after the comet had passed its perihelion, it 
acquired another of these luminous fens, which was ob- 
seived by Sir John Herschel at the Cape of Good Hope. 
Hevelius desciibes an appearance precisely similar, 
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which he had witnessed in this comet at its approach to 
the siin in the year 16B2, and something of the kind 
seems to have been noticed in the comet of 1744. Pos- 
sibly the second tail of the comet of 1724^ which was 
directed toward the sun, may have been of this nature. 

The influence of the ethereal medium on the. motions 
of Hailey's comet, wiU be known after another revolu- 
tion, and future astroDoiiiers will learn, by the accuracy 
of its returns, whether it has met with any unknown 
cause of disturbance in its distant journey. Undiscovered 
planets, beyond the visible boundary of our system, may 
change its path and the period of its revolution, and thus 
may. indirectly reveal to us their existence, and even 
their physical nature and orbit. The secrets of the yet 
more distant heavens may be disclosed to future genera- 
tions by comets which penetrate still ferther into space, 
Buch as that of 1763, which, if any faitii may be placed 
in the computation, goes nearly forty-tiiree times farther 
from tiie sun tiian Halley's does, and shows that the 
sun^s attraction is powerful enough, at the enormous 
distance of 15,500 miUions of miles, to recall the comet 
to its perihelion. The periods of some comets are said 
to be of many tiiousand years, and even the average time 
of the revolution of comets, generally 'ih about, a tm>uaand 
years ; which proves tiiat tiie sun*s gravitating force ex* 
tends vexy far. La Place estimates that the solar at- 
traction is felt throughout a sphere whose radius is a 
hundred millions of times greater than the distance of 
the earth from tiie sun. 

Autiientic records of Halley's comet do not extend be- 
yond the year 1456, yet it may be traced, with some 
degree of probability, even to a period preceding the 
Cluristian era. But as the evidence only rests upon 
coincidences of its periodic time, which may vary as 
much as eighteen months from the disturbing action of 
the planets, its identity with comets of such remote 
times must be regarded as extremely doubtful. 

This is the first comet whose periodicity has been 
established. It is also the first whose elements have 
been determined from observations made in Europe ; for 
although the comets which appeared in the years 240, 
539, 565, and B37, are the most ancient of those whose 
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orbits have been traced, their elements were oompated 
from Chinese observations. -v 

Besides Halley's and LexePs comets, two others are 
now provefl to form part of our system ; that is to say, 
they return to the sun at intervals, one of three years, 
and the other of 6| years nearly. The first, generally 
called £ncke*8 comet, or the comet of the short period, 
was first seen by MM. Messier and Mechain, in 1786, 
again by Miss Herschel in 1805, and its returns, in the 
years 1805 and 1819, were observed by other .astrono- 
mers, under the impression that all four were difierent 
bodies. However, Professor Encke not only proved 
their identity, but determined the circumstances of the 
comet's motion. Its reappearance in the years 1825, 
1826, and 1832, accorded with the orbit assigned by M. 
Encke, who thus* established the length of its period to 
be 1204 days, nearly. This comet is very small, of 
feeble light, and invisible to the naked eye, except 
under very fiivorable circumstances, and in particular 
positions. It has no tail, it revolves in an ellipse of 
great eccentricity inclined at an angle of 13^ 22' tO the 
plane .of the ecliptic, and is subject to considerable per- 
turbations from the attraction of the planets, which 
occasion variations in its periodic time. Among the 
many perturbations to which the Janets are fiable, 
their mean motions, and therefore ue major axes of 
their orbits, experience no cnange ; while on the con- 
trary, the mean motion of the moon is ^celerated from 
age to age — a circumstance at first attributed to the re- 
sistance of an ethereal medium pervading space, but 
subsequently proved to arise from the secular diminution 
of the eccentricity of the terrestrial orbit. Although 
the resistance of such a medium has not hitdierto been 
perceived in the motions of such dense bodies as the 
planets and satellites, its effects on the revolutions of 
the two small periodic comets hardly leave a doubt of 
its existence. From the numerous observations that 
have been made on each return of the Oemet of the 
short period, the elements have been computed with 
great accuracy on the hypothesis of its moving in vacuo. 
Its. perturbations occasioned by the disturbing action of 
the planets have been determined ; and after everything 
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that could inflaence its motion had been duly considered, 
M. Kncke found that an acceleration of about two days 
in each revolution has taken place in its mean motaon, 
precisely similar to that which would be occasioned b^ 
the resistance of an ethereal medium. And as it cannot 
be attributed to a cause like that which produces the 
acceleration of the* moon, it must be concluded that the 
celestial bodies do not perform their evolutions in an 
absolute void, and that although the medium be too rare 
to have a sensible effect on the masses of the planeta 
and sateUiteSf it nevertheless has a considerable influ- 
ence on so rare a body as a comet. Contradictory as it 
may seem, that the motion of a body should be accele- 
rated by the resistance of an ethereal medium, the 
truth becomes evident If it be considered that both 
planets and comets are retained in their orbits by two 
forces which exactly balance one another ; namely, the 
centrifugal force producing the velocity in the tangent, 
and the attraction of the gravitating force directed to 
the center of the sun. If one of these forces be dimin- 
ished by any cause, the other will be proportionally 
increased. Now, the ' necessary effect of a resisting 
medium b to diminish the tangential velocity, so that 
the balance is destroyed, gravity preponderates,' the 
body descends toward the sun till equilibrium is again 
restored between the two forces;. and as it then de- 
scribes a smaller orbit it moves with increased velocity. 
Thus, the resistance of an ethereal medium actually 
accelerates the motion of a body ; but as the resisting 
force is confined to the plane of the orbit, it has m> in- 
fluence whatever on the inclination of the orbit, or on 
the place of the nodes. In computing its effect, M. 
Encke assumed the increase to be inversely as the 
squares of the distances, and that its resistance acts as a 
tangential force proportional to the squares of the 
comet*s actual velocity in each point of its orbit4 The 
other comet belonging to our system, which returns to 
its perihelion after a period of 6| years, has been ac- 
celerated in its motion by a whole day during its last 
revolution, which put^ the existence of ether nearly 
beyond a doubt, and forms a sti*ong presumption in cor- 
roboration of the undulatory theory of light. Since this 
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comet, which reyolves nearly between the orbits of (he 
etjrth and Jupiter, is only accelerated one day at each 
revolution. While Encke's, revolving nearly between the 
orbits of Mercury and Pallas, is accelerated two, the 
ethereal mediutn must increase in density toward the 
sun. The comet in question was discovered by M. 
Biela at Johannisberg on the 27th of February, 1826, 
and ten days afterward it was seen by M. Gambart at 
Marseilles, who computed its parabolic elements, and 
found that they agreed with those of the comets which 
had ap>peared in the years 1789 and 1796, -whence hp 
concluded jthem to be the same body moving in an 
ellipse, and accomplishing its revolution in 2460 days. 
The pertul-bations of this comet were computed by M. 
Damoiseau, who predicted that it would cross the plane 
of the ecliptic on the 29th of October, 1832, a litde 
before midnight, at a point nearly 18,484 miles within 
the earth's ortiit; and as M. Olbers of Bremen,,in 1805, 
had determined the radius of the comet's head to be 
about 21,136 miles, it was evident that its nebulosity 
would envelop a portion of the earth's orbit, a circum- 
stance which caused some alarm in France, from the 
notion that if any disturbing cause had delayed the 
arrival of the comet for one month, the earth must have 
passed through its head. ' M. Arago dispelled these 
fears by his exeeUent^ treatise on comets in the An- 
Buaire of 1832, where he proves, that as the earth 
would never be nearer the comet than 18,000^000 
British leagues, there could be no danger of collision. 
The* earth is in more danger from these two smaU 
comets 'than from any other, fincke's crosses the ter- 
restrial orbit sixty tim6s in a century, and may ulti- 
mately come into collision; but both are so extremely 
rare, that little injury is to be apprehended. 

The earth would fell to the sun in 64 i days, if it 
were struck by a comet with sufficient impetus to' de- 
Btroy its centrifugal force. What the eartfi's primitive 
velocity may have been, it is impossible to say. There- 
fore a comet may have given it a shock without changing 
the axis of rotation, but only destroying part of its tan- 
gential velocity, so as to diminish the size of the orbit — a 
thing by ho means impossible, though highly improbable. 
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At all oTBDts, there is no proof of this having occurred; 
and it is manifest that the axis of the earth's rotation 
has not been changed, because, as the ether offers no 
sensible resistance to so dense a body as the earth, t||e 
libration would to this day be evident in the variation it 
must have occasioned in the terrestrial latitudes. Sup- 
posing the nucleus of a comet to have a diameter only 
equal to the fourth part of that of the earth, and that its 
perihelion is nearer to the sun than we are ourselves, its 
orbit being otherwise unknown, M. Arago has computed 
that the probability of the earth receiving a shock from 
it is only one. in 281 millions, and that the chance of our 
coming in contact with its nebulosity is about ten or 
twelve times greater. Only Comets with retrogade mo- 
tions can come into direct collision with the eaith, and if 
.the momentum were great the event might be fatal; 
but in general the substance of comets is so rare, that it 
is likely they would not do much harm if they wei-e to 
impinge ; and even then the mischief would probably be 
local, and the equilibrium soon restored, provided the 
nucleus were gaseous, or very snaall. It is, however, 
more probable that the earth would only be deflected a 
little from its course by the approach of a comet, with- 
out being touched by it. The comets that have come 
nearest to the earth were that of the year 837, which 
remained four days within less than 1,240,000 leagues 
from our orbit; that of 1770, which approached within 
about six times the distance of the moon. The cele- 
brated comet of 1680 also came very near to us ; and 
the comet whose period is 6i years was ten times nearer 
the earth in 1805 than in 1832, when it caused so much 
alarm. 

Encke's and Biela*s comets are at present far removed 
from the influence of Jupiter, but they will not always 
remain so, because the aphelia and nodes of the orbits 
of these two comets being the points which approach 
nearest to the orbit of Jupiter, at each meetings of the 
planet and comets which shall take place there, the 
major axis of Encke's comet will, be increased, and that 
of Biela's diminished, till in the course of time, when 
the proximity has increased sufficiently, the orbits will 
be completely changed, as that of LexePs was in 1770. 
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Evpiy twenty-third year, or after seven revolutioiis of 
Enieke's comet, its greatest proximity to Jupiter takes 
place, and at that time his attraction increases the pe- 
riod of its revolution by uine days — a circumsfonce 
which took place in the end of the years 1820 and 1843. 
But from the position of the bodies there is a diminution 
of three days in the six following revolutions, which 
reduces the^ increase to six days in seven revolutions. 
Thus before the year 181d, the periodic time of Encke^s 
comet was 1204 days, and it was 1219 days in accom- 
plishing its last revolution, which terminated in 1845. 
By this progressive increase the orbit of the comet will 
reach that of Jupiter in seven or eight centuries, and 
dien by the very near approach of the two bodies it will 
b© completely changed, ^ 

At present the earth and M ercuiy have the most' 
powerful influence on the motions of Encke*s and Biela's 
comets ; and have had for so long a time that, according 
to the computation of Mr. Airy, the present' orbit of the 
latter was formed by the attraction of the earth, and 
that of Encke*s by the action of Mercury. With re- 
gard to the latter comet, that event must have taken 
place in February, 1776. In 1786 Encke*8 comet had 
both a tail and a nucleus, how it has neither ; a singular 
instance of the possibility of their disappearance. 

Combts ip or near their perihelion move with pro- 
digious velocity. That of 1680 appears to have gone 
half round the sun in ten hours and a half, moving at 
the rate of 880,000 miles an hour. If its enormous 
centrifugal force had ceased when passing its perihe- 
lion, it would have fallen to the sun in about three 
minutes, as it was then Iobs than 147,000 miles from his 
surface. So 'near the sun, it wouldbe exposed to a heat 
JJ7,600 times greater than that received by the earth ; 
slid as the sun's heat is supposed to be in prOpcntion to 
the intensity of his light, it is probable that a degree of 
heat so intense would be sufficient to convert into vapor 
every terrestrial substance with which we are acquainted. 
At the perihelion distance the sun's diameter would be 
seen from the comet under an angle of 73^, so that the 
sun, viewed from the comet, would nearly cover the 
whole extent of the heavens from the horizon to tho 
Go 
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Aenitii. As this comet is presumed to have a>period of 
575 years, the major axis of its orbit must be so greatj 
that at the aphelion the sun's diameter would only sub- 
tend an angle of about fourteen seconds, which is not 
so great by half as the diameter of IV^ars appears to us- 
when in opposition. The sun would consequently, im- 
part no heat, so that the comet wojold then be exposed 
to the temperature of the ethereal regions, whieh is 58° 
below the zero point of Fahrenheit. A body of such 
tenuity qs the comet, moving with such velocity, must 
have met with great resistance^ from the dense atmos- 
phere of the sun, while passing so ^near his surface at 
its perihelion. The centrifugal force must consequently 
have been diminished, and the sun's attraction propor- 
tionally augmented, so that it must have come nearer to 
the sun in 1680 than in its preceding revolution, and 
would subsequently describe a smaller orbit. As this 
diminution of its orbit will be repeated at each revolu-. 
tion, the comet will infallibly end by falling on the sur- 
face of the sun, unless its course be changed by the dis- 
turbing influence of some large body in the unknown 
expanse of creation. Our ignorance of the actual den- 
sity of the sun's atmosphere, of the density of the 
comet, and of the period of its revolution, renders it 
impossible to form any idea of the number of centuries 
which must elapse before this event takes place. 

The same cause may afiect the motions of the planets, 
and ultimately be the means of destroying the solar sys- 
tem. Butf as Sir John Herschel obi^erves, they could 
hardly uU revolve in the same direction round the sun 
for so many ages without impressing a corresponding 
motion on the ethereal fluid, which may preserve them 
from the accumulated effects of its resistance. Should 
this material fluid revolve jabout the son like a vortex, it 
will accelerate the revolutions of such comets as hav« 
direct motions, and retard those that have retrograde 
motions. 

The comet which appeared unexpectedly in the be- 
ginning of the year ] 843, was one of the most splendid 
that ever visited the solar system. It was in the. con- 
stellation of Antinous in the end of January, at a dis- 
tance of 115 millions of miles from the earth, and it 
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passed through its perihelion on the 27th of February,, 
when it was lost in the sun*s rays ; but it began to be 
visible about the 3d of March, at which time it was near 
the star Iota Cetse, and ijts tail extended toward the 
Hare. The brightness of the comet and the length of 
its tail continued to increase till the latter stretched far 
beyond the constellation of the Hare toward a point 
above Sirius. Stars were distinctly ^een through it, 
and when near perihelion the comet was so bright that 
it was seen in clear sunshine in the United States 
like a white cloud. The motion was retrograde, and 
on leaving the solar system it retreated so rapidly at 
once from the sim and. earth that it was soon lost sight 
offer want of light. On the 1st of April it was between 
the sun and the earth, and only 40 millions of miles from 
the latter ; and as its tall was at least 60 millions of 
miles long, and 20 millions of miles broad, we probably 
passed through it without being aware of it,. There is 
some discrepancy in the different computations of the 
elements of the orbit, but in the greater number of 
cases the perihelion distance was found -to be less than 
the semidiameter of the sun, so that the comet must 
h^ve grazed his surface? if it did not actually impinge 
obliquely on him. 

The perihelion distance of this comet differs little 
from that of the great comet of 1668, which came so 
near the sun. The motion of both was retrograde, and 
a certain resemblance in the two orbits makes it proba- 
ble that they are the same body performing a revolution 
in 175 years. 

Though already so well acquainted with the motions 
of comets, we know nothing of their physical constitu- 
tion. A vast number, especially of telescopic comets, 
are only like clouds or masses of vapor, often without 
tails^ Such were the comets which appeared in the 
years 1795, 1797, and 1798. But the head commonly 
^ consists of a concentrated , mass of light, like a planet, 
surrounded by a very transparent atmosphere, and the . 
whole, viewed with a telescope, is so diaphanous, that 
the smallest star may be seen even through the densest 
part of the nucleus ; in general their solid parts, if they 
have any, are so minute, that they have no sensible 
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diameter, like that of the comet of 181 Ij which ap- 
peared to Sir William Herschel like a laminous point 
in the middle of the nebulous matter. The nuclei, 
which seemed to be formed of the denser strata of that 
nebulous matter in successive coatings, are sometimes 
of great magnitude. Those comets which came to the 
sun in the years 1799 and 1607, had nuclei whose di- 
ameters measured 180 and 275 leagues respectively, 
and the second comet of 1811 had a nucleus of 1350 
leagues in diameter. 

It must however be stated, that as comets are gene- 
rally at prodigious distances from the earth, the solid 
parts of the nuclei appear like mere points of light, so 
minute that it impossible to measure them wiSi any 
kind of accuracy, so that the best astronomers "often 
differ in the estimation of their size, by one-half of the 
whole diameter. The transit of a comet across the sun 
would afford the best information with regard to the 
nature of the nuclei. It was computed that such an 
event was to take place in the year 1827 ; unfoitunately 
the sun was hid by clouds from the British astronomers, 
but it was examined at Viviers and at Mai^eiBes at the 
time the comet must have been projected on its dis<^ 
but no spot or cloud was to be seen, so that it must 
have had no solid part whatever. The nuclei of many 
comets which seemed solid and brilliant to the naked 
eye have been resolved into mere vapor by telescopes 
of high powers ; in Halley*s comet there was no solid 
part at all. 

The nebulosity immediately round the nucleus is so 
diaphanous that it gives little light ; but at a small dis- 
tance the nebulous matter becomes suddenly brilliant, 
so fas to look like a bright ring routed the body.. 
Sometimes there are two or three of these luminous 
concentric rings separated by dark intervals, but they 
aregenerally incomplete on tlie part next the tail. 

These annular appearances are an optical effect, 
arising from a succession of envelops of the nebulous 
matter with intervals betwieen them, of which the first 
is sometimes in contact with the nucleus and sometimes 
not. The thickness of these bright diaphanous coatings 
in the comets of 1799 and 1807 were about 7000 and 
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IMOO leagues Tesptetiwiy; and in l&e ^t comet of 
1611, tlie lominoiifl ring was 8000 leagnes dilck/ahd 
the dislance between its interior surface and the center 
of die head wta 10^000 leagues. The latter comet was 
by niiich tl|e most brilliant that has been seen in mod-> 
em times ; it- was first discovered in this conntty by Mr. 
James Vieteh.of Inehbonny, and was observed in all its 
changas bf Sir William Herschel and M. Gibers. To 
the naked eye, the head had the «ppeamnce of an ill- 
defined round mass of li^, which wad resoTred into 
seroral diifaiiet parts when tiewed with a telescope. 
A very brilliant interior cireular mass of nebulous mat- 
ter was sttKConnded by a black space having a parabolic 
fonn, very distinct irom'tibe deak blue of the sky. This 
dark spacer waa of a veiy appreciable breadth. Exterior ' 
to iha bkek interval there was. a luminous parabolic 
contour of considerable thickness, which waisi prolonged 
eoeach side .in two diverging branches, which formed 
the bifid tail of the comet. Sir Wifiiam Herschel found 
that the brilliant interior etreular mass lost the distinct^ 
nessol^ its oudine as he increased the ma|;nifying poweif 
of the teleseopef and presented' the appearance c^f n^' 
more and more diffuse mass- of greenish or Muish-gfeen 
Ughtt whose intensJQr decreased gradually, not from the 
eeofber, but from an eccentric brilHant speck, supposed 
to be the Irdly solid part €f[ the cornel. The luminous 
onveWp w« of a decided' yelbw, which contrasted 
strongly with the greenish' tint of tlie interior nebulous 
mass. Stars were nearly veiled tnr the luminous en- 
velop, while, on the contrary, Sir William Herschel saw 
tkaree extren^ely smell stars shining clearly in the black 
space, whieh was singulaify transparent. As t^ie en- 
veJope- were formed in suaeessiqn as th^ comet ap-> 
proaehed the sun. Sir William Hersehol conceived thent 
to be vapcHa raised by his heat at llie stirftce of the 
nucleus^ and suspended round it like a vault or dome by 
the elastic force of an extensive and highly transparent 
atmofl^phere. In coming to the sun, the coatings began 
to form when die comet was as distant as ^ie oibit of 
Jupiter, and in its return they vei^ soon entirely van- 
ished ; but a new i^ie was fcnmed after it had -retrisated 
as iar as die oibit of Mars, whk^ laisted for a fow days. 
23 og2 
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Indeed, comets ki general are subject to sudden and 
violent convulsions in their interior, even when far from 
the sun, which produce changes that are visible at enor- 
mous distances, and baffle all attempts at exj^nation, — 
probably arisii^ from electricity, or even causes with 
which we are unacquainted. The envelops surrounding 
the nucleus of the comet on the side next to the sun, 
diverge on the opposite side, where they are prolonged 
into l£e form of a hollow cone, which is the tail. Two 
repulsive fwces seem to be concerned in producing 
Ihia effect ; one from th^ comet and anothep from the 
sun, the latter being the most powerful. The envelops 
are nearer the center of the comet on the side next to 
the sun, where these fbrpes are opposed to . one an- 
other; but 9n the other side the forces conspire to 
form the tail, conveying the nebulous particles to enor- 
mous distances. . ' -.. ~ 
- The lateral edge's of the tail reflect more light ^tm 
the central part, because the line of vision passes through 
^ greater depth of nebulous matter, which produces the 
effect of two streams somewhat like^ the aurora. Stars 
shine with un(]fiminisihed lustre through the central part 
of the tail, because their rays traverse, it perpendicularly 
to its thickness ; but though distinctly seen through its 
edges, their iight is weakened by its oblique- transmis- 
sion. The tail of the groat comet of 1811 was of won- 
derful tenuity; stars which would have been entirely 
concealed by the slightest fog, were seen through 64,000 
leagues of nebulous matter without the smallest re^rac* 
tion. Possibly some part of the changes in the appear- 
ance of the tails arises from rotation. Several comets 
have been observed to rotate about an axis passing 
through the center of the tail. That of 1825 performed 
its rotation in 20^ hours, and the rapid changes in the 
luminous sectors which issued from the nucleus of Hal- 
ley's comet, in aU probability were owing to rotatory 
motion. 

The two streams of light which form the edges of the 
tail, in mosb cases unite at a greater or less distance from 
the nucleus, ,and are generally situate in the plane of 
the orbit. The tails follow comets in their descent 
toward the sun, but precede them in their return, with 
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ff, small degree oi curvatare ; their apparent extent and 
form vary according to the positions of the orbits with 
regard to the ecliptic. In some oases, the tail has. been 
at right angles to the line joining the sun and comet. 
The curvature is in ipart owing to the resistance of the 
ether,, and partly to the velocity of the comet being 
greater than that of the particles at the extremity of its 
tail, which lag behind. The tails are generally of enor- 
mous lengths ; the comet of 1811 had one no less than a 
hundred millions of miles in length, and those which 
appeared^ii the years 1618, 1680, and 1769, had tails 
which extended respectively over 104, 90, and 97 de- 
grees of space. Consequendy, whennthe heads of these 
comets were set, a portion of the extremity of their tails 
was still in the zenith. Sometimes the tail is divided 
^to several branches, like the comet of 1744v which had 
siXf^separated by dark intei-vals, each of them about 4° 
broad, and from 30° to 44° long. They were probably 
formed by three hollow cones of the nebulous matter 
proceeding from the different envelops, and inclosing one 
another with ii^tervals between ; . uie lateral edges of 
these cones would give^e appearance of six s&eams of 
light. The tails do not attain their full magnitude till 
the comet has left the sun. When comets first appear, 
they resemble round films of vapor with little or no tail. 
As they approach the^ sun, they increase in brilliancy, 
and their tail in length, till they are lost in his rays ; and 
it is not till they emerge from the sun*s more vivid light 
that they assume their full splendor. They then grad- 
ually decrease, their tails diminish, and they disappear 
nearly or altogether before they are beyond the sphere 
of telescopic vision. Many comets have no tails, as for 
example Encke's comet, and that discovered by M. Biela, 
both of which are small and insignificant objects. The 
comets which appeared in the years 1585, 1763, and 
1682, were also without tails, though the latter is re- 
corded to have been as bright as Jupiter. The matter 
o.f the tail must be extremely bi^oyant to precede a body 
moving with such velocity ; indeed the rapidity of its 
ascent cannot be accounted for. It has been attributed 
to that power in the sun which produces those vibrations 
of ether which constitute light : but as this theory wiQ 
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not acoottDt.for the oomfll of 1824, ^diieh is said t» b«v« 
had two tailsy one directed toward the sum a^d a Very 
•hort one diametarkaUj opposite to it, oar ignorance on 
this subject mnst be confessed. In ikua case l^e repel* 
ling power of the oomet seems to have been greater than 
that of the sun. . Whatever that unknown power may 
be, there are instances in which its effects are enormous* 
for immediately after the great comet of 1 680 had passed 
its perihelion, its tail was 100,000,CfOO miles in length, 
and was projected from the comet^s head in t^e short 
space of two days. A body of such extreme-tenuity aa 
a comet is most Mkely incapable of an attraction power- 
ful enough to recall matter sent to such an enormous 
distance ; it is therefore in all probabifi^ scattered in 
space, which may account for the rapid decrease ob- 
served in the tails of comets every lame they return tii 
their perihelia. Should the great comet of 1843 prove 
to be liie sadtke with Ihat ef 1668, its taU must have di- 
minished considerably^. 

It. is remarkable that although the tails of comets in- 
crease in length as they approach their perihelia, there 
is reason to brieve that the real diameter of the head 
contracts on coming near the sun^ and ex]mnds rapidly 
on leaving him. Hevelius first observed this pfaenome-^ 
non, which £ncke*s pomet has exhitHted in a very ex-^ 
traordinary degree. On the 26th of October, 1 828, this 
oomet was about three times as far from the sun as it 
was on the 24th of December, 'yet at the first date its 
apparent diameter was twenty-five times greater than at 
the second, the decrease being progressive. -M. Valz 
attributes the circumstance to a real condensation of vol- 
unqte from the pressure of the ethereal medium, which 
increases most; rapidly in density toward the surface of 
the sun,«nd forms an extensive atmosphere around him. 
It did not oocur to M.Valz, however, that the ethereal 
fluid would penetrate the nebulous matter instead of 
compressing it. Sir John Herschel, on the contrary, 
conjectures that it may be owing to the alternate con- 
version of evaporable materials in the upper regions of 
the transparent atmosphere of comets into the states of 
visiUe cloud and invisible gas by the effects of heat and 
oM ; or that some of the external nebulous envelops 
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may come into view when the comet arrives at a darker 
part of the sky, which were overpowered by the supe- 
rior light of the sun'while in his vicinity. The first of 
these hypotheses he considers to be perfectly confirmed 
by his bbservatiOBs on Halley's comet, made at the Cape 
cf Good Hope, after its return from the sun. He thinks 
that in all probability the Whole comet, except the dens- 
est pest of its nucleus, vanished and was reduced to a 
fransparent and invisible state during its passage at its 
perihelion, for when it first came into view after leaving 
the sun it had no tail> and its aspect "was completely 
lehaAged. A parabolic ebvelop soon began to appear, 
and increased so^ much and so rapidly that its angmenta- 
tkm was visibtoto die eye. This increase continued till 
it became so large and so faint, that at last it vanished 
entirely, leaving only the nucleus and a tail, which it had 
again acquired, but which also vanished, so that at last 
the nucleus aione remained. Not only the tails, but the 
nebulous ^art-of comets diminishes every time they re- 
turn todieir perihelia ; after frequent returns they ought 
to lose it altogether, and present the appearance of a 
•fixed nucleus : this ought to happen sooner to comets of 
jshort.periods; M. de fo Place supposes that th^ comet of 
1682 must be approfiching rapidly to that state. Should 
the substances be altogether, or even to a great degree, 
evaporated, the cbmet would disappear forever. Possi- 
bly come{s may have vanished fi*om our view sooner than 
they would otherwise have done from this cause. 

If comets' shine by borrowed light, they ought, in 
eertain positions, to exhibit phases like the moon ; but 
no such appearance has been detected except ini one 
instance, when- they are said to have been observed by 
Heveltus and La Hire in the year 1682. In general, 
the hght of comets is duQ-^that of the cpmet of 1811 
was only equal to the tenth part of the light of the full 
moon — ^yet sbme have been brilliant enough to be visible 
in full daylight, especially the comet of 1744, which was 
seen without a telescope at oneo^clock in the afternoon, 
while the sun was shining. 'Hence it may be inferred 
that, although some comets maybe altogether diaphanous, 
others seem to possess a solid mass resembling a planet 
But whether they shine by their own or by reflected 
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light has never been satisfactorily made oiit till ncyvr. 
Even if the light of a comet were polarized, it would 
not afford a decisive teat, since a body is capable of re- 
flecting light though it shines by its own. M. Arago, 
however, has with great ingenuity discovered a noethod 
of ascertaining this point, iiidependent both of phases 
and polarization. 

Since the rays of light divei^e from a luminous point, 
they will be scattered over a greater space as the dis- 
tance increases, so that the. ili^nsity of the %ht on a 
screen two feet from the object, is four times less than 
at the distance of one foot; three feet from the doject 
it is nine times less, and so oh, decreasing in intensity 
as the squares of the distances increase. As a self- 
luminous surface consists of an infinite number of lumi- 
nous points, it is clear that the greater the extent of sur- 
face, the more intense will be the light; whence it may 
be concluded that the illuminating power of such a sur- 
£GK:e is proportional to its extent, and decreases inversely 
as the squares of the distances. Notvtithstanding tins, 
a self-luminous suiface, {dane or curved, viewed tlmiugk 
a hole in a plate of metal, is of ihe same briUiancy at aH 
possible distances as long as it subtends a sensible angle, 
because, as the distance increases, a greater portion 
comes into view, and as the augmentation of suiiace is 
as the square of the diameter of the part seen through 
the hole, it increases as the squares of the distances. 
Hence, though the number of jtbjs from, any oiie point 
of the surface which pass through the hole, decreases 
inversely as the squares of the distances, yet, as the 
extent of surface which comes into view increases also 
in that ratio, the brightness of the object is the same to 
the eye as long, ais it has a sensible diameter. For ex- 
ample—Uranus is about nineteen titnes &rther from the 
sun than we are, so that the sun, seen from that planet, 
must appear like a star with a diameter of a hun<ked 
seconds, and must have th6 same brilliancy to the inhab- 
itants that he would have to lis if viewed through a 
small circular hole having a diameter of a hundred sec- 
onds. For it is obvious that' light comes from every 
point of the sun's surface to Uranus, whelreas a very 
small portion of his disc is visible through the hole^ so 
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that extent of surface eitaotiy compensates distance. 
Sincef tken, the visibility of a setf^luminous object does 
not depend upon the angle it subtends as long as it is 
of sensible magnitude, if a comet shines h^ its own light, 
it should retain its brilliancy as long as its diameter is of 
a sensible magnitude ; and even after it has bstim ap- 
parent diameter, it ought to be visible, like the fixed 
stars, and should only vanish in consequence of extreme 
remoteness. That, however, i» far from being the case 
— comets gradually bedome~ dim as their distance in- 
creases, and vanish merely from loss of light, while 
they still retain a sensible diameter, which is proved by 
.fiibservations made the evening before they disappear. 
Jt may therefore be concluded, that .comets, shine by 
reflecting the sun's light. The most brilliant comets 
bave hitherto ceased to be visible when about five times 
as far from the sun as we are* MQSt of the comets 
that^ have been visible from the earth have their peri- 
helia vnthin the orbit of Mars, because they are invisible 
when as distant as the orbit of Saturn : on that account 
there is not one on record whose perihelion is situate 
beyond the orbit of Jupiter. Indeed, the comet of 1756, 
after its la^ appearance, remained five whole years 
within the ellipse described by Saturn without being 
oiQce seen. M<Nre than a hundred and forty comets 
have appeared within the earth's orbit during the last 
century that have not again been seen. If a thousand 
years be allowed as the average period of each, it may 
be, computed, by the theory of probabilities, thar the 
nidiole number which range within the earth's orbit 
must be 1400 ; but Ueanus being about nineteen times 
more distant, there may be no less than 11,200,000 
comets that come within the known extent of our sys- 
tem. M. Arago mak/sjs a different estimate : he con- 
siders that, as thirty comets are known to have their , 
perihelion distance within the orbit of Mercury, if it be 
assumed that comets are uniformly distributed in space, 
the number having their perihelion within the orbit of 
UraUus must be to thirty as the cube of the radius of 
the (Ni>it of Uranus to the cube of the radius of the 
orbit of Mercury, which makes the number of comets 
amount to 3,529,470. But that number may ^e doubled, 
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if it fa* eonndared that, in eonaequenoe of digrH^t, f^^gft; 
•nd great sonllieni decollation, one comet oat of two 
most be hid from ua. AccordiDg to M« Ango, more 
dum aerea milliens of comets freqaent the pluietarf 
orbits* 

The different degrees of TcAocitjr with whksh tiie 
fdanets and^oometo were origiaaUy propelled in space is 
the sole cause of the dirersilyin the form of theivmrUts, 
which depends oi^ upon 1^ mutual relation betWeeft- 
tke projectile forte and the sun*s attraction... 

When the two forces are exaetiy equal to one another, 
circular motion is produced ; when tibe ratio of the pto- 
jectile to tiie central fovee is exactly that of I to th^ 
square root of 2, the motion is parabofio ; any ratio be- 
tween these two will cause a body to move in «n ellSpoe, 
and any ratio greater than that of 1 to tlio square root of 
6 lifill produce hyperbolic motion (N. 222). 

The o^estial; bodies might move in any one of these 
four curves by the law of gravitation; but as one par- 
tieukr v^loci^ is neoessary to produce either circular or 
parabolic motion, smAk motions can harcHy b^ supposed to 
exist Id the solar system, where (he bodies are liable to 
■uch mutual disturbances as would infidlibiy chang:e tiie 
ratio of the forces, and. cause tiiem to move in ellipses 
in the first case, and hyperbolas in the other. On the 
eontraiy, since every ratio between eqaality and that cf 
1 to the square root of 2 will jnodttoe elliptical motion, it 
is found in- the solar system in alllts varieties, ftom that~ 
which is nearly circfdar, to such as borders oh tire para- 
bolic from excessive ettipticity. On this depends tb^ 
stability of the system ; the nmtual disturbances only 
cause the orisits to become mure op less eccentric wllii- 
out changing th^ir nature. 

For the same reason the bodies of 1iv0 sokr system 
Bsilg^t have moved in an iniinite variety of hyperiielas, 
alnca any ratio of the forces, greater than that which 
causes pandioiia motion, will make a body move hi one 
of these parve^. Hyperbolic motion ishow^vwr vorjr 
mre ; only tWQ cOBK^ts appear to ihovo' in oi^ts of that 
Bflituret those of 1771 and 1824 ; jprobably att such com- 
ets have already oome toi tiieir p^ihelia, '$ni cof^se- 
quentiy will never return. 
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The ratio of the forces irluch fixed the nature of the 
celestial (urbita ia thus easihr exfOaioed ; hat tiie cirepm- 
ataocea which determined these ratios, which caused 
aome bodies to more nearly ui circles. and oiiiera to 
wander toward the hmits of the solar attractioD, and 
which made all the heavenly bodies to rotate and re- 
YtAve in the same directi<ni, most have had their origin 
In the- primeval stifite of things ; but a^ it pleases Uie 
SupremiB Litelligence to etaplay gravitation akme in the 
maintenance of this fair system, it may be presumed to 
httre presided at its creatioii* 



S«cTioir iCXXYll. 

The Fixed Stan->Their Nvaiben— Estimatkm of theif IMstwoes and 
' Magnitudee from their Light^Stan that have vanished— rNew Stan- 
Doable Star»— Binary and Maltiple Syatems-^Their Orbita and Period* 
--^>rt>ituai and Parallactic Motiaa9—Color»— Proper Motiena^Oeneral 
Motions of ail the Star»—ClnBterB—Nebul»— Their Number and Fomui 
—Double and Stellar Nebula— Nebulous Stars— Planetary Nebal»— 
Conatitotion of the NebaHi, and Foieea which maintMa them— Diatribo- 
tien— Meteoritear»-Shooting Stara. 

GnEAT as the number of comets aj^ars to be, it is 
aAiselotoly n^hing when compased widi the multitude of 
the Qxed stsrs.^ About dOOO onl^ are Visible to the 
naked eye; but when we view the heavens "with a 
toleecope, their nuinber seems to be limited only by the 
imperfecticm c^ the instmtrient. In one hour Sir Wil- 
liam Herschel estimated that 50,Q00 stors passed through 
the field of his telescope, in a isone of the heavens 2^ in 
breadth. !!l^is, however, was stated as an instance of 
extraordinary crowding; but, on an average, the whole 
expanise of the heavens ixrast exhibit idxiut a hundred 
minions of iixed stars within the reach of telescopic 
vision. 

' Th^ stars lire classed^ according to their apparent 
brightness, and the plsces ofthe niost remarkable of 
those i^ibla .to the naked eye are ascertahied with 
great precision, and formed into a catale^e, not ovity 
for the detormination of geographical positions by their 
occultations, but to serve as points of reference for 
n^aricing the places of cbmets and other celestial pbe^ 
Hh 
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nomeiuu The whole number of stars registered amouDts 
to about 160,000 or 200,000. The distance of the fixed 
stars is too great to admit of their exhibiting a sensible 
disc ; but in all probability they are spherical, and must 
certainly be so if gravitation pervade^ all space, which it 
may be presumed to do, since Sir John Hers(;hel has 
shown ^at it extends to the binary systems of stars. 
With a fine telescope the stars appear like a ^point of 
light; their occultations by the moon are therefore 
instantaneous. Their twinkling • arises from sudden 
changes in the refractive powers of the air, which would 
not \m sensible if they had discs like the planets. Thus 
we can learn nothing of the relative distances of the 
stara from us, and from one another, by their apparent 
diameters. The annual parallax of all but a very. few 
being insensible, shows we must be more than two 
hundred m'iMions of millions of miles at least from them. 
Many of them, however, must be vastly more remote ; 
for of two stars that appear ck»e together, one may be 
far beyond the other in. the depth of space. The light 
of ^irius, according to the observations of Sir John 
Herschel, is 324 times greater thui that of a star of the 
sixth magnitude ; if we suppose the two to be really of 
the same size, their distances from us must be in the 
ratio of 57*3 to 1, because light diminishes as the square 
of the distance of the lunainous body increases. < 

Nothing is known of the absolute magnitude of the 
fixed stars, but the quantity of light emitted by many 
of them atkOYn th«;t they must be much larger &an the 
sun. Dr. WoUastou determined the approximate lutio •^ 
which the light of a wax candle bears to that of the sun, 
moon,>and stars* by comparing their respective images 
reflected from small ^lass ^obes filled with mercury, 
whence a comparison w^ established between the 
quantities of light emitted by tlie celestial bodies them- 
selves. By this method he found that the light of tlie 
sun is about, twenty millions of millions of times greater 
than that of Sirius, the brightest and one of the. nearest 
of the fixed stars. Since the parallax of Sirius is about 
half a second, its distance from the earth must be 592,^00 
times, the distance of the . sun jrom the earth ; and . 
therefore Sirius, placed where the sun is, would appear 
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to US to be 3*7 times ad large as the siin, and would give 
13*8 times more light. Many of the fixed stars must be 
infinitely larger than Sinus. - 

. Many stars have vanished from the heavens; Ihe 
star 42 yirgints seems to be of this number, having been 
missed by Sir John Herschel on the 9th. of May, 1828, 
and not again found, though he frequently had occasion 
to observe^thajt part of the heavens. Sometimes stars 
have all at once appeared^ shone with a bright lights 
and vanished .-> Several instances of these temporary 
stars are on record ; a remarkable instlmce occurred in 
the year 125, which is said to have induced Hipparehus 
to form the first catalogue of stars. Another star ap- 
peared suddenly near a Aquils in the year 389, which 
vanished, after remaining for three weeks as br^ht as 
Venus. On the 10th of October, 1604, a briHiant star 
'burst forth in the constellation of Serpentarius, wMch 
continued visible for a year ; and* a more recent case 
occurred in the year 1670, when a new star was discov- 
ered in the head of the Swan, which? after becoming 
invisible, reappeared, and having undergone mtany varia- 
tions in light^ vanished after two years, and has never 
since been seen. In 1572 a star was discovered in Cas- 
siopeia, which rapidly increased in bri^tness till it even 
surpassed that of Jupiter ; it then gnuiuaily diminished 
in splendor, and having exhibited f^ the variety of tints 
that in<^cato the changes of combustion, vanished sixteen 
months after its discovery, without akerii^ its position. 
It is impossible to imagine anything more tremendous 
than a conflagration that could be visible at such a dis- 
tance. It is however suspected that this star may be 
. periodical, and identical with the stars whick appeared 
in the years 945 and 1264. There are probabff many 
stars which alternately vanish and reappear among the 
innumerable multitudes that spangle the heavens ; the 
periods of several have already been pretty well ascer- 
tained. Of. these the most remarkable is the star Orai- 
crojQ, in the constoJlation Cetus. It appears about twelve 
times in eleven years, and is of variable brightness, some- 
times appearing like a star of .the second magnitude ; 
but it does not always attain the same lustre, nor does 
it increase or diminish by the same degrees. Accord- 
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ing to HevtHnB^ it did not appear at all for fttr years. 
y Hydra dM> Taniahes and reappears ereiy 494 days ; 
and a yeiy singular instance of periodicity is given by 
Sir John Hersehel, in the stur AJgd or p Persei, whicn 
ii de8cril>ed as retaining the size of a star of the second 
Biagnitade for two days and foarteen hoih^; it then 
•aoddeniy begins to diminish in splendor, and in abont 
three hours and a half is reduced to the size of a star 
of the fourth magnitude ; it then begins again io increase, 
and in three hours and a half more regains its usual 
In-ig^tiiess, going throu|^ all these vicissitudes in two 
ds^, twenty hours, and forty-eight minutes, a Cassi- 
opeiaB is also periodical, accom|didiing its changes in 225 
days : the periodof the star 34 Cygni is 18 years ; md 
Sir John Herschel has discovered very singular varia- 
tiODS in the star if <>f the constellation Argo. It is sur- 
rounded by a wonderful nebula, and frotn a star of little 
more than the second magnitude it suddenly inereased 
between ttie years 1637 and 1838 to be a first-rate star 
of the first magnitude. At the latter period it was equal 
to Arctoms, and its briBiancy was then so great as to 
-obhtorate some of the details of llie surrounding nebula. 
Afterward it decreased to the first magnitude, and then 
began to increase again. Sir John has also discoyered 
tbib a Ononis may now be classed among the yariable 
and periodio stars, a circumstance the more remarlLable, 
as it is one of the conspicuous stars of our hemisphere, 
.and yet its changes had never been remarked. The 
.inferences Sir John draws from the phenomena of vari- 
able stars are too interesting not to be ipven in his own 
words-. ** A periodic change existing to so great an ex- 
tent in so large 'and brilliant a star as a Ononis, cannot 
fail to awaken attention to the subject, and to revive the 
consklMration of those speculatipns respecting the possi- 
bility of a change in the lOstre of our sun itself which 
were put forth by my fariier. If there really be a com- 
munity of nature between the sun and fixed stars, every 
proof that we obtain of the extensive prevalence' of such 
periodical changes in those remote bodies adds to the 
probability of finding something of the kind nearer home. 
If our sun were ever intrinsically much brighter than at 
present, the mean temperature of the surface of our 
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globe would of courfie b6 proportionally greater.^ I speak 
DOW Bot of periodieal but secular changes. But the ar*^ 
gument is complicated with the coiistdezation of the 
possibly imperfect transpa^ncj ef the celestial qsaces* 
and with the cause of that iaoporfect transpareocy which 
may be due to material non-luminoas particles difiused 
irregnlarfy ia patehes analogous to Debuls« but of greater 
extent — ^to cosmical clouds in short — of whose existence 
we have, I think, some indicatioa in die singular and 
BpparentJj capricious phenomena of temporary stars* 
uid perhaps in the recent extraordinary sudden increase 
and haidly less suddeu diminution of tj Atgus." Mr. 
Goedricke has conjectured that^the periodiad changes 
in the stars may beeccilsioned by the rerolulion of some 
opaque body coming between us and the star, and ob- 
structing part of its light. Sir J<>hn Herschel is struck 
with the high degree of activity evinced by these changes 
in r^^ns where, ** but for such evidences, we mi^t 
conclude all to be lifeless." He observes that e»r own 
sun requires nine times the period of Algol to perform 
a revolution on its own axis ; while on d^ odier hand, 
the periodic time of an opaque revolving body sufficientigr 
Inrge to produce a similar temporary obscuration of the 
sun, seen from a fixed star, would be less thtai fourteen 
hours. 

Many thousands of stars diat see^ to be only briWant 
points, when carefully examined are found to be in 
reality systems of two or mere suns, sometimej revolving 
about a' common center. These binary and mnltipi^ 
staraare extremely remote, requiring the. mest.pewer'* 
ful telescopes to show tii^m separately. The first cat- 
alogue of double stars, in which their pkices and relative 
positions are determined, was accomplished by the tal- 
ents and industry of Sir William Herschel, to whom 
Astxonomy is indebted for so many brilliant diaooveries^ 
and with whom the idea of their combinatioa in binary 
and multiple systems originated — an idea c>omplete^ 
established by his own observations, and recently con* 
firmed by those of his son and other astronomers. The 
motions of revolution of many of these stars round a 
c^mthon center have been ascertained, and their periods 
determined with considerable accuracy. Son^e have. 
UU2 
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ttDce their tint discoreiy, already accomplished nearly 
a whole revolution ; and one, v Coronae, is actual^ oon- 
•iderably advanced in its second period. These inte- 
resting systems thus present a species of sidereal chro- 
nometer, by which the chronol^;y of the heavens will 
be marl&ed out to future ages by epochs of their own, 
liable to no fluctuations from such planetary disturbances 
as take place in our system. 

In observing the relative position of the stars of a bi- 
nary system, the distance, between them, and also the 
angle of position, that is, the angle whidi the meridiaa 
or a parallel to the equator makes with the line joining 
the two stars, are- measured. The diflerent values or 
the angle of position show whethet* the revolving star 
moves from east to west, or the contrary ; whether the 
motion be uniform or variable, and at what points it is 
greatest or least. The measures of the distances show 
whedier the two stars approach or recede from one 
another. From these the form and nature of the orbit ' 
are determined. Were observations perfectly accurate, 
four vahies of the angle of position and of the corre- 
sponding distances at given epochs would be sufficient 
to assign the .form and position of the curve described 
by the revolving star: this, however, scarcely ever 
happens. The accuracy of each result depends upon 
taking the mean of a ^eat number of the best observa- 
tions, and eliminating error by mutual cinnparison. The 
distances between the stars are so minute that they can- 
not be measured with the same accuracy as the angles 
of position ; therefore, to determine the orbit of a star 
independently of the distance, it is necessary to' assume 
as the most probable hypothesis, that the slat's are sub- 
ject to the law of gravitatibUf and consequently that one 
of the two stars revolves in an ellipse about the other, 
supposed to be at rest, though not necessarily in the fo- 
cus. A curve is thus constructed graphically by means 
of the angles of position and the corresponding times of 
observation. The angular velocities of the -stars are 
obtained by drawing tangents to this curve at stated in- 
tervals, whence the apparent distances, or radii vectores, 
of the revolving star become known for each angle of 
position ; because, by the laws of elliptical motion, they 
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are equal to the square roots of the apparent angular 
velocities. . Now that the angles of position estimated 
from a ^ven line, and the corresponding distances of the 
two stars, are known, another curve may be drawn, 
v^hich wiU represent on paper the actual orbit of the 
star projected on the visibW sur£M;e of the heavens ; so 
that the elliptical eleipents of the true orbit and its posi- 
tion in space may be determined by a combined system 
of measurements and computation. But as this orbit 
has been obtained on the hypothesis that gravitation 
prevails in these distant regions^ which could not be 
known d priori^ it must be compared with as^ many 
observations as can be obtained, to ascertain how far the 
computed ellipse agrees with the curve actually described 
|>y rfie star. . 

. By this process. Sir John Hprschel has discovered 
that. several of these systems of stars are subject, to the 
same laws ofmotion with our system of planets : de has 
determined the elements of their elliptical orbits, and 
computed the periods of their revolution. One of the 
stars of y Virginis revolves about the oth«r in 629 years ; 
the periodic time of a Coronas is 287 years; that of 
(Castor is 253 years; that of c Bootes is 1600 ;. that of 
70 Ophiuchi is ascertained by Professor £acke to be 80 
years ; Professor Bessel has ascertained the period of 
61 Cygni to be 540 years ; and M. Savary, who has the 
merit of having iirst deterayned t^e elliptical elements 
of the orbit of a binary star from, observation, has shown 
that the revolution of C Ursse is completed in 58 years. 
y Yirginis consists of two stars of nearly the same mag- 
nitude. They were so far apart in the be^nning and 
middle of the last century, that they were mentioned by 
Bradley and marked in Mkyer's catalogue as two distinct 
atars. Now, they are so near to one another, that even 
with good telescopes they look like a single , star some- 
what elongated. A series of observations, since the 
beginning of the present century, has enabled Sir John 
Herschel to determine the form and position of the el- 
liptical orbit of the revolving star with extraordinaiy 
truth. According to his computation, it must have ai'- 
rived at its perihelion on the 18th of August of the year 
1 834. The actual proximity of the two stars must then . 
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baw9 hepn «Ktr«iii0, and dM appsrent angidar Teloeity 
flo groat that k might have described an angle ai 68° in 
a single jear. ObserradoDs made at the Cape, of Good 
Hope, by Sir John Horschel, as well as those of Captain 
Smyth, R. N^ at home, correspond in proving an aug- 
mentalaon of velocity as the star was approi^ng its 
diortest distance feom its primaiyv By the laws of el«- 
hptical motion, the angular velocity of the revolving shir 
most now gradually diminish, tiM it comes to its a^^lion 
eame 314 years hence. The sataiiite star of c GoTQmm 
attained its perihelion in 1835/and that of Castor will do 
the same some time in 1856. 

It sometimes happens that the edgje of the oxhit of' a 
revolvimr star is presented to the eaith, as in «- Serpen* 
tarii. Then the star seems to move in a straight Mne^ 
and to oscillate on each side of its primary. Five ob- 
serrations are requisite in this case for the determina- 
tion of its orbit, provided they be.accurate. At the time 
Si^ WiHiam Herschel observed the system in question^ 
tiie two stars ward distinctly separate: at present, one 
is so completely projected on the other, that M. Stnive, 
with his great telescope, cannot perceive the smallest 
separation. On the contrary, the two stars of ^ Ononis, 
which appeared to be o>ne in the time of Sir WiUiam 
Herschel, are now separated. Were this Hbration owing 
to piHraUax, it would be annual, from the revolution of the 
earth ; but as yeatis elapse before it amounts to a sensi^ 
ble quantUy, it can only arise from a realerbitlial motion 
seen obliquely. Amons the triple stars, two of the stars of 
C Cancri revc^ve about me third . There are idso quadru% 
pie stars, and there are even assemblages of five and sij^ 
stars; as B and e of Orion. It is remarked that, in.gen^ 
eral, the ellipses in which the revolving stars of binary 
systems move, are much more elongated than the orbits 
of the planets. Sir John Herschel, Sir James Souths 
and Pn^essor Struve of Dorpat, have increased Sir 
William Herschel's originAl catalogue of double stars to 
more than 6000, of which thirty or forty are known to 
form revolving or binary systems ; and Mr. Dunlop has 
formed a catalogue of 253 double stars in the southern 
hemisphere. To this Sir John Herschel has added 
many ; but he has found that the southern hemisj^era 
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is poorer than the northern in close double stars above, 
tjie tenth magnitude. He'observes, that if Mr. Dnnlop's 
measures can be depended upon, 6 Eridani is perhaps 
the most remarkable of all the binary systems in the 
heavens. ' The revolution of the satellite star being at 
the rate 6f 10°'67 per annum, it consequently must 
accomplish a revolution in a little more than thirty years. 
The motion of Mercury i^ more rapid than that of any 
other planet, being at the rate of 107,000 miles an hour ; 
the perihelion velocity of the comet of 1680 Was no less 
than 880,000 miles an hour; but if the two stars of 6 
Eridani or f Ursae be as remote from one another as the 
nearest fixed star is from the sun, the velocity of the 
revolving stars niust exceed the powers of Imagination. 
The discovery of the eUiptical motion of the double stars 
excites the highest interest, since it shows that gravita- 
tion is not jpeculiar to our system of planets, but that 
systems of suns in the far distant regions of the uni- 
verse are aUo obedient to its laws. 

Besides revolutions about one another, some of the 
binary systems are carried forward in space by a motion 
common to both stars, toward some unknown point in 
the firmament. The two stars of 61 Cygni, which are 
nearly equal, and have remained at the distance of about 
15" from each other for fifty years, have changed their 
place in the heavens during that period, by 4' 23", with 
a motion which for iages must appear rectilinear : be- 
cause, even if the path be curved, so small a portion of 
it must appecu* a straight line . to us. The single stars 
also have propel motions, yet so minute that the trans- 
lation of ft Cassiopeise, of 3"*74 annuaUy, is the greatest 
yet observed : but the enormous distances of the stars 
make motions appear sni^ to us which are. in reality 
very great. Sir WiUiam Herschel conceived that, 
among many irregularities, the motions of the stars have 
a general tendency toward a point diametrically oppo- 
site to that odcupied by the star C Herculis, which he 
attributed to a motion of the solar system in the contrary 
direction. Should this really be the case, the stars, 
from the eflfects of perspective alone, would seem to 
diverge in the direction to which we are tending, and 
would apparently converge in the space we leave, and 
24 
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there would foe a regularity in these apparent inotioiis 
which would in time be detected ; but if the solar sys- 
tem and the whole of the stars risible to us be carried 
forward in space by. a motion common to all, like ships 
drifting in a current, it would be impossible for us, 
moving with the rest^ to ascertain its direction. . There 
can be no doubt of the progressive motion of the sun and 
stars, but sidereal astronomy is not far enough advanced 
to determine what relations these bear to one another ; 
it will however be known in the course of time from the 
orbits of the revolving stars of the binary systems. For 
if the solar system be in nation, some of the stellar 
orbitis wfiich, by the effects of perspective, appear to us 
to be straight Imes, will, after a time, t>pen and become 
elliptical by our change of place ; while others which 
now appear to be open will close, or open wider ; stazl^ 
also which^ow occultate, or hide one another in certain 
points of their orbits, will, in time, cease to do^so. The 
directions and magnitude of these changes wUl no doubt 
show the motion ai our system, to -what point it is tend- 
ing, and the velocity with which it moves. 

Among the multitudes of small stars, whether double 
or insulated, a few are found near enough to jexhiblt 
distinct parallactic motions, arising from the revolution 
of the earth in its orbit. Of two, stars apparently in 
close approximation, one may be far behind the other in 
space. These may seem near to one another when 
viewed from the earth in one piirt of its orbit, but may 
separate widely when seen from the earth in another 
position, just ^ls two terrestrial objects appear to be one 
when viewed in tl^e same straight line, b^t separate as 
the observe* changes his position- In this case the stars 
would not have real, but only apparent motion. One of 
them would seem to oscillate annually to and fro in a 
stra^ht line on each side of the other — a motion which 
cpuld not be mistaken for that of a binary system* 
where one stat describes an ellipse about the other, or, 
if the edge of the orbit be turned toward the earth, 
where the oscillations require years for their accom- 
plishment. 

This method of finding the distances of the fixed stars 
was propQsed by Galileo, and attempted by Dr. Long 
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without «icces«. Sir WiUifma Herschel afterward ap- 
plied It to some of the. binary groups ; and though he 
did not find the thing he sought for, it led to the di»- 
Qoverj of the orbitual motions of the double stars. 

Though the absolute distance of most of the stars is 
still a desideratum, a limit has been £>und under which, 
probably, none of them come. It was natural to sup- 
pose ^at lA general the large stars are nearer to the 
earth than the small ones ; but there is now reason to 
beheve that some stars, though by no mef^ls brilliant, . 
are nearer to us than others which shine with greater 
splendor. This is inferred from the oomparaitiYe ve- 
locity of tiieir motions. AIL the stars have a general 
motion of translation, which tends ultimately to mix the 
stars of the difibrent constellations, but none that we 
Unow of moves so rapidly as 61 Cygni ; and on that 
account it^is reckoned to be nearer to u^ than any 
other, for an object seems to move more quickly the 
nearer we are to it. This circumstance induced MM. 
Axajgo and Mathieu to endeavor to determine its an- 
nual parallax, that is, to ascertain what magnitude the di- 
ameter of the eurth's orbit would have as seen from the 
Star, and from that to compute its distance from the 
earth (N. 223). This has been accomphshed with more 
accuracy by M. Bessel, who haa found by observation, 
that the diameter of the earth's orbit of 190 i^illions of 
miles would be seen from the star under an angle of 
only one-third of a second, whence 61 Cygni must be 
$92,200 times farther from the earth than the sun is, 
— a distance which light, flying at the rate of 190,000 
miles in a second, would not pass over in less^ than 
nine years and three months. 

The apparent motion of jive seconds annually which 
thjs star has, seems to us to be extremely small, but at.that 
distance an ancle of ona second corresponds to twenty- 
four millions of millions of miles ; consequently the an- 
nual motion of 61 Cygni is one himdred and twenty 
millions of millions of miles, and yet, as M«^ Ajnigo oh^ 
serves, ^e call it a. fixed star ! 

. From the observations of Professor Hendenoo iti ap- 
pears that Siriua, the brightest stag in the heav^eos, has 
i^paralto of !«•• than the third of ^ ee^eauii eoaae* 
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qaently it is at ft greater .distance than 61 C jgni :^ that 
of a Centanri amounts to a second of space, so that it is 
nearer the earth than any star that is known : whereas 
Mr. Airy has fonnd that die parallax of d Lyriae is al- 
together inappreciable ; and ks this is generally the case 
with the fixed stars, we ■ may conclude that their dis- 
tances are beyond the hope of mensuration. 

All die ordinary methods fail when the distances are 
so enormous. - An angle even of two or three seconds, 
viewed in the fbcus of ovae lai^est telescopes, does not 
equal the thickness of a $pider-s thread, which makes it 
impossible to measure such minute quantities with any 
degree of accuracy. In some cases, however, the bi- 
nary systems of stars furnish a method of estimating an 
angle of even the tenth of a second, which 4s thirty 
times more accurate than by any other means* From 
them the actual distances of sonie of the more remote 
stars will ultimately be known. 

• Suppose that one star revolves about another in an 
orbit which is so obhquely Been from the earth as to 
look Mke an ellipse in a horizontal position, then it is 
clear that one half of the orbit will be nearer to us than 
the other half. Now, in consequence of the time which 
light takes to travel, we always see the satellite star in 
a place which it has abeady left. Hence when that 
star sets out from the point of its orbit which is nearest 
to us, its light will take more and more time to come to 
us in proportion as the star moves round to the most 
distant point In its orbit. On that account the star will 
appear to us to take more time in moving through that 
half of its orbit than it really does. Exactly the con- 
. trary takes place in the other half: for the light will 
take less and less time to arrive at the earth in propor- 
tion as the star approaches nearer tb us, and therefore 
it will seem to move through this half of its orbit in less 
time than it really does. This circumstance furnishes 
the means of finding the absolute breadth of th^ orbit in 
miles, and from that the true distance of the star from 
the earth. For, since the greatest and least distances 
of the satellite star from the earth differ by the breadth 
of its orbit, the time which the star takes to move from 
the nearest to the remotest poiiit of its orbit is greater than 
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it ought to be, by Ijie whole time its lig^t takes to cross 
the orbit, and the pehod of moviDg throagh the other 
half is exactly as niuch less. Hence the difference be- 
tween the observed times of these two semi-revolutions 
of the star is equal to twice the time that its light em- 
ploys to cross its orbit ; and>as we know the velocity of 
light, the diameter of the orbit may be found in mile^s, 
and from that its whole dimensions. For the position of 
the orbit with regurd to ua is known by observation, as 
well as the place, inclination, and apparent magnitude 
of its major axis, or, which is the same thing, the angle 
under which it is seen from the earth. Since, then, 
three things are known in this great triangle, namely, 
the base or major axis of the orbit in mfles, the angle 
opposite to it at the earth, and the angle it makes with 
the visual ray ; the distance of the. sateWte. star from the 
earth may be found by the most simple of calculations. 
The merit of having first proposed this very ingenious 
method of finding the distances of the stars is due to M» 
Savary ; but unfortunately it is not of general application, 
as it depends upon the position of the orbit, and even 
then a long time must elapse before observation can fur- 
nish data, since the shortest period of any revolving star 
that we know of is thirty years : still the distances of a 
vast number of stars may be ultimately made out in this 
way ; and as one impoitant discovery almost always leads 
to another, their masses may thus be weighed against 
that of the eaith or sun. 

The only data employed for fidding the mass of the 
earth, as compared with that of the sun, are the angular 
motion of our globe round the sun in a second of time, 
and the distance of the earth from the sun in miles (N. 
224). Now byi;he observations of the binary systems, 
we know" the angular velocity of the small star round 
the great one-; and when we know the distiMice between 
the two stars in. miles, it will be easy to compute how 
many miles the small star would fall through by the at* 
traction of the great one in a second of time. A compar- 
ison of this space witii the space which the earth would 
descend through in . a second toward the sun, will give 
the ratio of the mass of the great star to that of tlie sun 
or earth. 

Ii 
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If it be considiired that all the double stars appear sin- 
gle to the naked eye, and with ordinary instruments, 
and that it requires the highest powers of the very best 
telecreopes to separate the greater number of them, the 
extreme beauty of the ingenuity and refraction necessary 
to draw such profound results from their motions may 
be in some degree appreciated. 

The double stars are of various hues, but they most 
frequently exhibit the contrasted colors. The large star 
18 generally yellow, orange, or red ; and the small star 
blue, purple, or green. Sometimes a white star is com- 
bined wiih a blue or purple, and more rarely a red and 
white are united. In many cases, these appearances 
are due to the influence of 6ontrast on our judgment of 
colors. For example, in observing a double ^tar, where 
the large one is a fuU ruby red, or almost Mood color, 
and the small one a fine green, the latter loses its color 
when th(B former is hid by the cross wires of the tele^ 
scope. But there are avast number of instances where 
the colors are too strongly marked to be n^erely imagi- 
nary. Sir John Herschel observes in one of his papers 
in tiie Philosophical Transactions, as a very remarkable 
fact, that, although red stars are comn^on enou^, no 
example of a selitary blue, green, or purple one has yet 
been produced. -^ 

The stars are scattered very irregularly over tiieTiir- 
mament In some places they are crowded together, in 
others thinly dispersed. A few groups more closely 
condensed form very beautifril objects even to the naked 
eye, of which the Pleiades and the constellation Corna^ 
Berenices are the most striking examples; but the 
greater number of these clusters of stars appear to un- 
assisted vision like thin white clouds <or viLpor : such 
is the tnilky way, which, as Sir William Herschel has 
proved, derives its brightness from the diffused li^t of 
the myriads of stars that form it. Most of these stars 
appear to be extremely small, on account of their enor- 
mous distances ; and' they are so numerous, that, ac- 
cording to his estimation, no fewer than 50,000 pas^ 
through the field of his telescope in the course of one 
hour in a zone 2"^ broad. This singular portion of the 
heavens, constituting part of our firmament, consists of 



d by Google 



Hbct. XXXVIt CLUSTERS €^ STARS. 375 

an extensire mass of stars, Whose thickness is small com- 
pared with its length abd breadth ; the earth is placed 
near the poin|; where it diverges into two branches, and 
it appears to be much more splendid in the Southern 
hemisphere than in the Northern. Sir John Herschel 
says, " The general aspect of the Southern circumpolar 
regions (including in that expression 60° or 70° of South 
po£ir distance) is in a high degrOjO rich and magnificent, 
owing to the superior brilliancy and large development 
of the milky way, which, from the constellation of Orion 
to that of Antinofls, is a blaze of light, strangely in- 
terrupted, however, with vacant and enthely starless 
patches, especially in Scorpio, near Alpha Centauri and 
the Cross, while to the north it fades away pale and 
dim^ and is in comparison hardly traceable. I think it is 
impossible to view this splendid zone, with the astonish- 
ingly rich and evenly distributed fringe of stars of the 
3rd and 4th magnitude, which forms a broad skirt to its 
southern bender like a vast curtiiiil, without an impres- 
sion amounting almost to conviction, that the milky way 
]i» not a mere stratum, but annular, or at least that oui* 
system is placed within one of the poorer or almost 
vacant parts of its general mass, and that eccentrically, so 
as to be much nearer to the region about the Cross, than 
to that diametrically opposite to it." The cluster, of 
which our sun is a member, and which includes the 
milky way, and all the stars that adorn our sky, must be 
of enormous extent, since the sun is more than two hun- 
dred thousand times farther from the nearest of them 
than he is from the eaith ; and the other stars, though 
apparently so close together, are probably separated from 
one another l^y distances equally great. In the intervals 
between the stars of our own system and far in the depths 
of space, many clusters of stars may be seen like white 
clouds or round comets without tails, either by unassisted 
vision or with ordinary telescopes ; but, seen with pow- 
erful instruments, Sir John Herschel describes them as 
conveying the idea of a globular space insulated in the 
heavens and filled full of stars, constituting a family or 
society apart from the rest, subject only to its own in- 
ternal laws. To attempt to count the stars in one of 
these globular clusters, he says, would be a vain task, — 
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that lihej are not to be reckoned by hundreds :— on a 
rough computation, it appears that many clusters of this 
description must contain tei\ or twenty thousand stars 
compacted and wedged together in a round space, 
whose area is not more than a tentirpart of that covered 
by the moon ; so that its center, where the stars are 
seen projected on each other, is one blaze of light 
(N. 225). If each of these stars be a sun, and if they 
be separated by inteiTals equal to that which separates 
our sun from die nearest fixed star, the distance which 
renders the whole cluster barely visible to the naked eye 
must be so great, that. the existence of this splendid as- 
semblage csn only be known to us by hght which must 
have left it at least a thousand years ago. OccasionsUy 
clusters are so irregular and so undefined in their outline 
as merely to suggest the idea of a richer part of the 
heavens. These contain fewer stars than the globular 
clusters, and sometimes a red star fornas a conspicuous 
object among them. Sir William Herschel regarded 
them as the rudiments of globular clusters in a less ad- 
vanced state of condensation, but tending- to thi^ fonm 
by their mutual attraction. 

Multitudes of nebulous spots are to be seen on the 
clear vault of heaven, which have every appearance of 
being clusters like those described, but are too distant to 
be resolved into stars by the most excellent telescopes. 
Vast numbers also appear to be matter in the highest 
possible degree of rarefaction, giving no indication what- 
ever of a stellar nature. These are in every state of 
condensation, from a vague Urn hardly to be discerned 
with telescopes of the highest powers, to such as seem 
to have actually arrived at a solid nucleus. This nebu- 
lous matter exists in vast abundance in space. Np 
fewer than 2000 nebulae and clusters of stars were ob- 
served by Sir William Herschel, whose places have 
been computed from his observations, reduced io a com- 
mon epoch, and arranged into a catalogue in order of 
right ascension by his sister. Miss Caroline^ Herschel, a 
lady eminent for astronomical knowledge and discovery. 
Six or seven hundred nebulas have alre€uly been ascer- 
tained in the southern hemisphere ; of these the Ma- 
gellanic clouds are the most remarkable. The^ nature 
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aod use of this nebulous matter, scattered over the 
heavens in such a variety of forms, is involved in the 
greatest obscurity. T^at it is a self-lummons, pho»- 
phorescent, material substance, in a highly dilated or 
gaseous state, but gradually subsiding by Ihe mutual 
gravitatioi^of its particles into stars and sidereal systems, 
is the hypothesis most generallyr received. And indeed 
this is the hypothesis of La Place with regard to the 
origin of the solar system, which he conceived to be 
formed by the successive, condensations of a nebula, 
whose primeval rotation is still maintained in the rota^ 
tion and revolution of the sun. and all the bodies of the 
solar system in the same direction. Even at this day 
there is presumptive evidence in the structure and in- 
ternal heat of the earthj of its having been at one period 
in a gaseous state from intensely high temperature. 
But the only way that any real knowledge on this mys- 
terious subject can be obtained is by the determination 
of the form, place, and present state of each individual 
nebula; and a comparison of these with future observa- 
tions will show generations to come the changes that 
may now be going on in these supposed rudiments of 
future systems. With this view, Sir John tierschel 
began in the year 1825 the ai*duous and pious task of 
revising his iUustrious &ther*s observations, which he 
finished a short time before he sailed for the Cape of 
Good Hope, in order to disclose the mysteries of the 
southern hemisphere ; indeed, our firmament seems to 
be exhausted tHA farther improvements in the telescope 
shall enable astronomers to penetrate deeper into space. 
In a truly splendid paper read before the Royal, Society 
on the 21st of November, 1833, he gives the places of 
2500 nebulae and clusters of stars. Of these 500 'a^e 
new, — ^the.restihe mentions with peculiar pleasure as 
having been most accurately determined by his father. 
This work is the more extraordinary, as from bad 
weather, fogs, twilight, and moonlight, these shadowy 
appearances are not visible, on an average, in England, 
above thirty nights in the year. 

The nebulae have great variety of forms. Vast multi- 
tudes are so faint as to be with difficulty discerned at all 
tin they have been for some time in the field of the 
ii2 
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telescope, or are just about to quit it. Occasionally 
they are so vague that the eye is conscious of some- 
thing, without being able to define what it is : but the , 
unchangeableness of its position proves that it is a real 
object. Many present a large ill-defined surface, in 
which it is difficult to say where the center of the 
greatest brightness is. . Some cling to stars like wisps of ' 
cloud ; others exhibit the wonde^ul appearance of an 
enormous flat ring seen very obliquely, with a lenticular 
vacancy in the center (N. 1226); A very remarkable in- 
stance of an annular nebula is to be seen exactly half- 
way between /? and y Lyrae. It is elliptical in the ratio 
of 4 to 5, wad is sharply defined, the internal opening oc- 
cupying about half the diameter. This opening is not 
entirely dark, but filled up with a faint hazy light, aptly 
compared by Sir John Herschel to fine gauze stretchod 
over a hoop (N. 227^. There is a very remarkable 
nebula in Orion, in which there is some rieason to believe 
that a new star has recently appeared. Two nebulas 
are described as most amazing objects : — ^One like a 
dumb-bell or hour-glads of bright matter, surrounded by 
a thin hazy atmosphere, so as to give the whole an oval, 
form, or die appearance of an oblate spheroid. This 

J phenomenon bears no resemblance to any known object 
N. 228). The other consists of a bright round nucleus, 
surrounded at a distance by a nebulous ring dplit through 
half k» circumference, and having the split portions sep- 
arated tit an angle of 45° each to the plane of the other. 
This nebula bears a strong similitude to the milky way, 
and suggested to Sir John Herschel the idea of a 
** brother system bearing a real physical resemblance 
and strong analogy of structure to -our ovm" {N. 229). 
It appears that double nebulae are not unfrdquent, ex- 
hibiting all.the varieties of distance, po&ition, and relative 
brightness with their counterparts the double stars. The 
rarity of single nebulae as large, faint, and as little con- 
densed in the center as these, makes it very improbable 
that two such bodies should be accidentally so near as 
to touch, and often in part to overlap each other, as these 
do. It is much more likely that they constitute systems ; 
and if so, it will form an interesting subject iof future in- 
quiry to discover whether they possess orbitual- motion. 
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Steliftr nebulae form another class. These have a 
round or oval shape, increasing in density toward the 
C6tit0r. Sometimes the matter is so rapidly coi^ensed 
M'to give the whole the appearance c^a star wita ablur, 
or him a candle shining through horn. In some in- 
stances the central matter is so highly and suddenly 
condense^, so vivid and sharply defined, that the nebula 
might be taken ifor a bright star surrounded by a thin 
atm<bphere. Such are nebulous stars. The zodiacal 
Uf^tt or lentieularnshaped atmosphere of the s^n, which 
may be seen extending beyond the orbits of Mercury 
And Venus soon after sunset in the months of April and 
May, is supposed to be a condensation of the ethereal 
medium by his attractive force, and seems to place our 
aun among the class of stellar nebula. The stellar neb- 
QlaB and nebulous stars assume all degrees of ellipticity. 
Not unfreqnentiy they are long and narrow, like a 
spindle-shaped ray, vntii a bright nucleus in' the center 
(N. 230). The last class mentioned by Sir John Her- 
Bchel are the planetary nebulae. These bodies have 
exactly the appearance of planets, with sensibly round 
or oval discs, sometimes sharply terminated, at other 
times hazy and ill-defined. Their surface, which is 
blue or bluish white, is equable or slightly mottled, and 
their light occasionally rivals that of the planets in vivid- 
ness. They are generally attended by minute stars, 
which give the idea of acc6mpanying satellites. These 
nebulsB are of enormous dimensions. One of them near 
V Aquarii has a sensible diateeter of about 20", and 
another Resents a diameter of 12". Sir John Her- 
schel has computed that, if these objects be as far from 
us as the stars, their real magnitude, on the lowest esti- 
mation, must be such as would fiU the orbit of Uranus. 
He concludes tibat, if they be solid bodies of a solar 
nature, their intriasic splendor must be greatly inferior 
to that of the sun, because a circular portion of the sun's 
disc, subtending an angle of 2C, would give a light 
equal to that df a hundred full moons; while on the 
contrary, the objects in question are hardly, if at all, 
visible to the naked eye. From the unilbrmity of 
the discs of the planetary nebulse, and their want of 
apparent condensation, he presumes that they may 
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be h(^w shells, only emittiDg light from theur siur- 
faces. 

The existence of every degree of elliptacity in the 
nebulae — ^from long lenticular rays to, the exact circular 
form — and of every shade of central cond^nsation-^from 
the slightest increase of density to apparently a solid 
nucleus— may be accounted for by supposing the general 
constitutions of these nebulae to be mat of oblate sphe- 
roidal masses . of every degree of flatness, from the 
sphere to the disc, and of every variety iA their density 
and ellipticity toward the center. It would be errone- 
ous, however, to imagine that the fbmEis of these sys- 
tems are maintained by forces identical with those 
already described, which determine the form of a fluid 
mass in rotation ; because, if the nebulae be only clus- 
ters of separate stars, as in the greater number of cases 
there is every reason to believe diem to be, no pressure 
^an be propagated through them. Consequently, since 
no general rotation of such a system as one mass can 
be supposed, it may be conceived to be a quiescent form, 
comprising within its limits an indefinite multitude of 
stars, each, of which may be moving^ in an orbit about 
the common center of the whole, in virtue of a law of 
internal gravitation resulting from the compoimd gravi^ 
tation of all its parts. Sir John Herschel has proved 
that the existence of such a system is not inconsistent 
with the law of gravitation under certain conditions. ' 

The distribution of the nebulae over the heavens is 
even more iri-egular than that of the stars. In som^ 
places they are so crowded together as scarcely to allow 
one to pass through the field of the telescope before 
another appears, while in other parts hours elapse with- 
out a single nebula occurring. They are in general only" 
to be seen with the very best telescopes, and are most 
abundant in a zone whose genercd, direction is not far 
from the hour circles O*" and 12S and which crosses the 
milky way nearly at right angles. Where that zone 
crosses the constellations Virgo, Coma Berenices, and 
the Great Bear, they are to be found in multitudes. 

Such is a brief account of the discoveries contained 
in Sir John HerschePs paper, which, for subUmity of 
vie^s and patient investigation, has not been surpassed. 
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To hiin and to Sir William Herschel we owe almost all 
that is known of sidereal astronomy : and in the inimi- 
table works of that highly gifted father and son, the 
reader will find this, subject treated of in a style alto- 
gether worthy of it, and of them. 

Sir John Hisrschel has discovered some new and 
wonderfnl objects in the southern hemisphere. Among 
others a beautSfol planetary nebula,' having a perfectly 
sharp, well defined disc of uniform brightness, exactly 
like a small planet witih a satellite near its edge. Another 
is mentioned as being very extraordinary m>m its blue 
tint; but by far the most singulai* is a close double star 
centrally involve.d in a nebulous atniiosphere. 

So numerous are the objects which meet our view in 
the heavens, that we cannot imagine a part of space 
where some light would not strike die eye ; — ^innumera- 
ble stars, thousands of double and multiple systems, clus- 
ters in one blaze with their tens of thousands of stars, 
and the nebulas amazing us by the strangeness of their 
forms. and the incomprehensibility of their nature, till at 
lastv from the limit of t)ur senses, even these thin and airy 
phantoms vanish in the distance. If such remote bodies 
shone by reflected light, we should be unconscious of 
their existence. Each star must then be a sun, and may 
be presumed to have its system of planets, satellites, 
and cometa, like our own; and. for aught we know, 
myriads of bodies may be wandering in space unseen 
by us, of whose nature we can form no idea, and still 
less of the part they perform in the economy of the 
universe. Even in our own system, or at its farthest 
limits, minute bodies may be revolving like the new 
planets, which are so smaU that their masses have hith- 
erto been inappreciable, and there may be many still 
smaller. Nor is thia an unwarranted presumption; 
many such do come within the sphere of the earth's 
attraction, are ignited by the velocity with which they 
pass through the atmosphere, and are precipitated witli 
great violence on the earth. The &11 of meteoric stones 
is much more frequent than is generally believed. 
Hardly a year passes without some instances occurring ; 
and if it be considered that only a smaU part of the earth 
ia inhabited, it may be presumed that numbers &U in 
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the ocean, or oa the uninhftbited. part of the land, nn- 
seen by man. They are sometunes of great magnitude ; 
the volume of several ha« exceeded that of tl^ planet 
Ceres, which is about 70 miles in dianxeter. One whieh 
passed within 25 miles of us was estimated to wei|^ 
about 600,000 tons, and to move with a- velocity of about 
20 miles in a second — a fragment of it aloae reached 
the earth. The obliquity of the descent c£ meteorites, 
the peculiar substances they are. composed oi, and the 
explosion accompanying their ^, show that they we 
foreign to our system. Lunodnous spots, altogether in^ 
dependent of the phases, have occasionally aFHPieared on 
the dark part of tihe moon ; these have been ascribed to 
the light arising from the eruption of volcanoa ; whence 
it has been supposed that meteorites have been projected 
from the moon by the impetus of volcanio eruptiqa, It 
has even been computed^ th«t if « stone were pro»}eeted 
from the moon in a. vertical line, with an imtiid velocift^ 
of 10,992 feet in a secondT-^more than £Mur times the- 
velocity of a ball when first discharged from a eannon — 
instead of faUing back to the moon by the attraction of 
gravity, it would come within the sphere of the earth^a 
attraction, and revolve about it like a satellite. These 
bodies, impelled either by the direction of the jmq^ve 
impulse, of by the disturbing action of the sun, miglrt 
ultimately penetrate the eartii^s atmosphere, jsnd arrive 
at its sunace, but it is much more probable that they 
are asteroids revolving about the sun, and diverted froo^ 
their course by some disturbing force; at aU events, 
they must haxe a common origin, from the unifbrmky 
— we may almost say identity — of their cheinieal ochsh 
position* 

Shooting stars and meteors differ from aerolites in 
several respects. They burst from the clear azure sky, 
and darting along the heavens, are extinguished without 
leaving any residuuni, except a vapor-^tike smoke, and 
generally without noise. Their jra^lax shows them 
to be veiy high in the atmosphere, sometimes even be- 
yond its supposed lunit^ and the4irection of tJieir motion 
is for the most part diametrically opposite to the niotioo 
of the earth in its orbit. The astonishing multitudes of 
s)iooting stora and fii;e«balto that have appewred intbin 
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these few years at stated periods over the American 
continent, and other parts of the globe, warrant the con- 
clusion that there is either a^ nebula, or that there are 
myiiads of bodies revolving in groups round the sun 
which only become visible when inflamed by entering 
our atmosphere. 

One of these nebulae or groups seems to meet the 
earth in its annual revolution on the 12th and 13th of 
November. 

On the morning of the 12th of November, 1799, 
thousands of shooting stars, mixed with large meteors, 
illuminated the heavens for many hours over the whole 
continent of America, from Brazil to Labrador : i^ ex- 
tended to Greenland, and even Germany. Meteoric 
showers wwe seen qff the coast of Spain, and in the 
Ohio country, on the morning of the 13th of No- 
vember, 1831 ; and during many hours on the morning 
of the 13th November, 1832, prodigious multitudes of 
shooting ^tars and meteors fell at Mocha oh the Red 
Sea, in the Atlantic, in Switzerland, and at many places 
in England. But by much the most splendid meteoric 
shower on record began at nine o'clock in the evening 
of the 12th of l^ovember, 1833, and lasted till sunrise 
next morning. It extended from l*fiagara and the 
northern lakes of America to the south pf Jamaica, and 
from 61° of longitude in the Atlantic to 100° of longi- 
tude in central Mexico. Shooting stars and meteors, of 
the apparent si^e of Jupiter, Venus, and even the full 
moon, darted in myriads toward the horizon, as if every 
star in the heavens had started from their spheres. 
They are described as having been frequent as flakes of 
snow in a snow-storm, and to have been seen with equal 
brillian(^y over the greater part of the continent of 
North America- 

Those who witnessed this grand spectacle were sur- 
prise^ to see that every one of the luminous bodies, 
without exception, moved in lines which converged in 
one point in the heavens : none of them started from 
that point; but their paths, when traced backward, 
met in it like rays in a focus, and the manner of theip 
fall showed diat they descended from it in nearly paral- 
lel 6tzi»ghli lines tomrd the earth. 
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By far the most extraordioary part of the whole phe- 
nomeaon is that this radiant point was observed to re- 
main stationaiy near the star y Leonis for more than 
two hours and a half, which proved the source of the 
meteoric shower to be altogether independent of the 
earth's rotation, and its parallax showed it to be far 
above the atmosphere. 

As a body could not be actually at rest in tihat posi- 
tion, the group or nebula ipust either have been moving 
round the earth or the sun. Had it been moving about 
the earth, the course of the meteors would have been 
tangential to its sur&ce, whereas they fell almost per- 
pehdictilarly, so that the earth in its annual revolution 
must have met with the group. The bodies or th^ 
parts of the nebula that were nearest must have been 
attracted toward the earth by its gravity, €md as they 
were estimated to move at the rate of fourteen miles in 
a second, they must have taken fire on entering our 
actmosphere, and been consumed in their passage through 
it. 

As all the circumstances of the phenomenon were 
similar on the same day and during the same hours in 
1832, and as extraordinary flights of shooting stars were 
seen at many places both in Europe and Anaerica on 
the 13th of November, 1834, 1835, and 1836, tending 
also firom a fixed point in the consteflation Leo, it has 
been conjectured, with much apparent probability, that 
this nebula or group of bodies performs its revolution 
round the sun in a period of about 182 days, in an ellip- 
tical orbit, whose major axis is 119 millions of miles ; 
and that its aphelion distance, where it comes in contact 
with the earth's atmosphere, is about 95 nullions of 
miles, or nearly the same with the mean distance of 
the earth from the sun. This body must have met 
with disturbances after 1799, which prevented it from 
encountering the earth for 32 years, and it may again 
deviate from its path from the same cause. 

As early as the year 1833, Professor Ohnsted, of 
Yale College in the United States of America, had con- 
jectured that the phenomenon of shooting stars origi- 
nated in the zodiacal light, and his subsequent observa- 
tions, continued for three successive years, have tended 
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, to confirm him in this opinion. He agrees with La 
Place in thinking th^t the zodiacal light is a nebulous 
body, revolving in the plane of the sotei equator. In 
fact, this light stretches beyond the earth's orbit, raakii^ 
an angle of about 7i° with the planie of the ecliptic, and 
according to observation, it is sometimes seen in the 
dawn, and sometimes' in the twilight, like an inferior 
planet. It was seen by Professor Olmsted for several 
weeks' previous to th« 13th of November, in the morn7 
ing dawn, with ah elongation (N. 231) of from 60° to 
90° west of the sun. It then by degrees withdrew from 
the morning sky, and appeared in the evenings imme- 
diately after twilifht, rising like a pyramid through the 
constellations Capricornus and Aquarius,, to an ^ionga- 
tion of more than 90° eastward of the sun. A change 
like this taking place annually about the 13th of Novem- 
ber, has led the Professor to believe that it is to the 
zodiacal light we are indebted for those splendid exhibi- 
tions of falling stars which take place at that season. 

The orbit already described is that which he formerly 
assigned to this nebulous or cometary body, but* he is 
now of opinion that it has a period of .something less 
than a year, which would not only account for the shoot- 
ing stars of the 13th of November, but would also ac- 
count for those that happen at all seasons, and for some 
very great showers of theni that have taken place on 
two occasions near the end of April. In the position 
assigned to this orbit by Professor Olmsted, showers of 
shooting stars may happen in November and April. 
Since the last edition of this book a very able memoir 
has been published by M. Biot, in which that great 
philosopher shows that in his opinion also, meteoric 
showers are owing to the zodiacaV light coming into pe- 
riodic contact with the atmosphere of the earth. Which 
of these conjectures may be nearest the truth timis alone 
can show ; but certain it is that the recurrence of this 
phenomenon at tlie same season for seven successive 
years proves that it can arise fix)m no accidental cause. 
25 Kk 
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Section XXXVIII. 

Diffusion of Matter through Space — Gravitation — Its Velocity-cSimplicity 
of its La^s — Gravitation independent of the Magnitude'and Distan-bs of 
the Bodies — Not impeded by the Intervention of any Substance -<-It8 
Intensity invariable — General Laws — Recapitulation and ConclusioiL 

The known quantity of matter bears a very small pro- 
' portion to the immensity of space. Large as the bodies 
are, the distances which separate them are^immeasure-^ 
bly greater ; bnt as design is manifest in every part of 
creation, it is probable that if the various systems in the 
universe had been. nearer to one another, their mutual 
disturbances would have been inconsistent with th& har- 
maohy and stability of the whole. It is clear that space 
is not pervaded by atmospheric air, since its resistance 
would, long ere this, have destroyed the velocity of the 
planets ; neither can we affirm it to be a void, since it 
seems to be replete with ether, and traversed in all di- 
rections by light, heat, gravitation, and possibly by inflo- 
ences whereof we can form no idea. 

Whatever the laws may be that obtain in the more 
distant regions of creation, we are assured Jthat one alone 
regulates the motions, not. only of our ow»- system, but 
also of the binary systems of the fixed stars ; and as 
general laws form the ultittiate object of philosophicaJ re- 
search, we cannot conclude these remarks without CQp- 
gidering the nature of gravitation— :- that extraoi-dinary 
power, whoso etfects we have been endeavoring to trace- 
through some of their mazes. It was at one time . im- 
agined that the acceleration in the moon-s mean motion 
was occasioned by, the /successive transmission of thp • 
gravitating force. It has been proved, that iti order to^ 
produce this effect, its, velocity must be about fifty milW ' 
ions of rtimes greater than that of light, which flies at 
tiie rate of 200,000 mil^s in a second. Its action, even - 
at the distance* of the sun, may therefore be regarded 
as instantaneous^, yet so remote are the nearest of the "^ 
fixed stars, that it may be doubted whether the sun has 
any sensible influence on them. 

The curves in which the celestial bodies move by th*' 
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force of graTitation are only line^ of the 6ecoud order* 
The attraction of spheroids^ accordrag to &By other |aw 
of force than that of gravitation,. woiSd be mueji more 
complicated ; and as it is easy to. prove that matter o^ght 
have been moved according, to an infinite variety of laws, 
it may be concluded that gravitation must have been se* 
lected by Divine Wisdom out of aa infinity of others, as 
being the most simple, and that which gives th^ great* 
est stability to the celestial mot^ious* ' . 

It is ft singular result of the simplicity of the Jaws of 
nature, which admit only of the observation and com- 
parison of ratios, that the gravitation and theoiy of the 
npiotions of the celestial bodies are independent of their 
absolute magnitudes and distances. Consequeotly, if all 
the bodies of the solar system, their mutual dis^tances, 
and their velocities, were to diminish proportionally, th^ 
would describe curves in all respects similar to those in 
which they now move ; and the system might be suc- 
cessively reduced to the smallest sensible dimensions, 
and still exhibit the same appearances. We learn by 
experience that a very different law of attraction pre- 
vails when the particles of matter are placed within in- 
appreciable distances from each other, as in chemical 
and. capillary attraction, the attraction of cohesion, and 
molecular repulsion, yet it has been shown that . in all 
probability not only t&e«^« but even gravitation itself is 
only a particular case of the still more general princ^le 
of electric action. 

The action of the gravitating force is not impeded by 
the intervention' even of the densestt substances. If the 
attraction of the sun for the center of the earth, and of 
the hemisphere diametrieally opposite to him, were di- 
minished by a difficulty in penetrating the interposed 
matter, the tides would be more obviously affected. Its 
attraction, is the same also, whatever the substances of 
the celestial bodies may be ; for if the action of the sun 
upon the earth differed by a millionth part from his ac- 
tion upon the moon, tihe difference would occasion. a 
periodical variation in the moon's pai*allax, whose maxi- 
mum would be the ^ of a second, and also a variation in 
her longitude amounting to several seconds, a supposi- 
tion proved to be impessible, by the agreement of theory 
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with obseiratioo. Thns all matter is pervious to graTi- 
tatioii, and is equally attracted by it. 

GrantBtion is a feel>le foree, vastJy inferior to electric ' 
action, chemical affinity, and eoheuon; yet as fiir as 
homan knowledge extends, the intensity of gravitation 
has never varied within the limits of the soh^ system ; 
nor does even analc^y lead ns to expect that it should : 
on the contrary, there is every reason to be assured that 
the greet laws of the universe are immutable, like their 
Author. Not only the sun and planets, but the mi- 
nutest particles, in all the varieties of their attractions 
and repulsions, — nay, even the iinponderable matter of the 
electric, galvanic, or magnetic flmdj^-are all obedient to 
permanent laws, though we may not be able in eveiy case 
to resolve their phenomena into general principles. Nor 
Mm we suppose the structure <^ the globe alone to bo 
exempt from the universal fiat, though ages may pasd 
before the changes it has undergone, or that are now in 
progress, can be referred to existing causes with the 
same certainty with which the motions ai the planets, 
and all their periodic and secular variations, are refera-^ 
ble to the law of gravitation. The traces of extreme 
antiquity perpetually occurring to the gOologist give that 
information, as to the origin of things, in vain looked for 
in the other parts of the universe. They date the be- 
ginning of time with regard to our system; since there 
is ground to believe that the formation of the earth was 
contemporaneous with that of the rest of the planets; 
but they show that creation is the work of Him with 
whom ''*■ a thousand yoars are as one day, and one day 
as a thousand yeara.'' 

In the work now brought to a conclusion, it has been 
necessary to select from the whole circle of the sciences 
a few of the most obvious of those proximate links which 
connect them together, and to pass over innumeraUe 
cases both of evident and occult alliance. Any one 
branch traced through its ramifications would alone have 
occupied a volume; it is hoped, nevertheless, that the 
view here given will suffice to show the extent to which 
a consideration of the reciprocal influence of even a few 
of these subjects may ultimately lead. It thus appears 
thnt the theory of dynamics, rounded upon terrestrial 
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phenotnepa, is indispensable for acquiring a knowledge 
of the revolutions of the celestial bodies and their recip- 
rocal influences. The motions of the satellites are af- 
fected by the forms of their primaries, and the figures- 
of -the planets thems^ves depend upon their rotations. 
The symmetry of their internal structure proves the 
stability of these rotatory motions, and the immutability 
of the length of the day, which furnishes an invariable 
standard of time ^ and the actual size' of the terrestrial 
spheroid affords the means of ^tscertaining the dimensions 
of the solar system, and provides an invariable founda- 
tion for a system of v^eights a^d measures. The mutual 
attraction of the celestial bodies disturbs the fluids at 
their surfaces, whence the theory of the tides and of the 
oscillations of the atmosphere. The density and erlas- 
ticity of the air, varying with every alternation of ten*-' 
perature, lead to the consideration of barometrical 
changes, the measurement of heights, and capillary at- 
traction ; and the doctrine of sound, including the theory 
of music, is to be referred to the small undulations of 
the atrial medium. . A knowledge of the action of mat- 
ter upon lighl is requisite for tracing the curved path of 
its rays through the atmosphere, by which the true 
places of distant objects are determined whether in (he 
heavens or on the earth. By this we learn the nature 
and properties of the sunbeam, the mode of its propaga- 
tion through the ethereal fluid, or in the interior of ma- 
terial bodies, and the origin of color. By the eclipses of 
Jupiter's satellites, the velocity of light is ascertained ; and 
that velocity, in the aberration of the fixed stars, fur- 
nishes the only direct proof of the real motion of the 
earth. The effects of the invisible rays of light are im- 
mediately connected with chemical acticHi ; and heat, 
forming a part of the solar ray so essential to animated 
and inanimated existence, whether considered as invisi- 
ble light or as a distinct quality, is too important an agent 
in the economy of creation, not to hold a principal place 
in the connection of physical sciences. Whence follows 
its distHbution in the interior and over the sur&ce of the 
globe, its power on the geological convulsions of our 
planet, its influence oU the atmosphere and on climate, 
and its effects on vegetable and animal life, evinced in 
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the localities of OTgrnnized beings on the earth, in the 
waters, and in the air. The connection of heat with 
electrical phenomemc, and the electricity of the atmos- 
{^ere, together with all its energetic effects, its identity 
with magnetism and the phenomena of terrestrial po- ' 
larity, can only be understood from the theories of these 
invisible agents, and are, probably, identical with, or at 
Least the principal causes of; chemical affinities. Innu- 
merable instances might be given in illustration of the 
immediate connection of the physical scieinces, most of 
which are united still more closely by the common bond 
of analysis, which is daily extending its empire, and will 
ultimat^y embrace almost every subject in nature in its 
formulsB. 

These formulae^, emblematic of Omniscience, condense 
Into a few ^mbob the immutable laws of the universe, 
fhis mighty instrument of human power itself originates 
in the primitive constitution of the human mind, and 
rests upon a few fundamental axioms, which have eter- 
nally existed in llim who unplanted them in the breast 
of man when He created him after His own image. 






Digitized by CjOOQIC 



NOTES. 



NoTK If page 3. — Diameter. A straight, line passing through tlie cen- 
ter, and terminated both ways by the sides or surface of a figure, such aa 
of a circle or sphere. In fig. 1, y Q, N S, are diameters. 

NoTB 2, p. 2. — Mathematical and mechanical sciences. Mathematics 
teach tlie laws of number and quantity ; mechanics treat of tlxe equi- 
librium and motion of bodies. 

Note 3, p. %— Analysis \s a series of reasoning conducted By signs or 
symbols of the quantities whose relations form the subject of inquiry. 

Note 4, ft. 3.— Oscillations are movemeints to and fro, like the swing- 
ing of the pendulum of a clock, or waves in water. The tides are oscil- 
lations of the sea. 

Nf>TE 5, p. 3.—Oravitdtion. Gravity is the reciprocal attraction of 
matter on matter ; grooitation is the difference between gravity and the 
centrifugal force induced by the v^ocity of rotation or revolution. Sen*- 
. Bible gravity, or weight, is a particular instance of gravitation. It is the 
force which causes substances to fall to the surface of the earth, and 
Which retains the celestial bodies in their orbits. Its intensity increases 
as the squares of the distance decrease. 

Note 6, p. 4.— Particles of matter &re the indefinitely small or ultimate 
atoms into which matter is believed. (o be divisible. Their form is un- 
known; but though too small to be visible, they must have magnitude. 

Note 7, p. A.— A hollofo sphere. A hollow ball,, like a bomb-shell. A 
sphere is a ball or solid body, such, Uiat all lines drawn from its center 
to its surface are equal. They are palled radii, and every line passing 
through the center and terminated both ways by the surface is a diameter, 
which is consequently equal to twice the radius. In fig. 3, a y or N S is 
a diameter, aniUC a, C N are radu. A great circle of the sphere has the 
same center with the sphere as the circles a E ^ d and a N ? S. The 
circle A B is a lesser circle of the sphere. 

Note 8, p. 4. — Concentric hollow spheres. Shells, or hollow spheres, 
having the same center, like the coats of an onion. 

• Note 9, p. i.— Spheroid. A solid body, which sometimes has the shape 
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of an orange, aa in flg. 1 ; it is then called an oblate spheroid, becaiue it 
to flattened at the poles N and 8. Such ~ '^ 

to the fomi of the earth and planets. 
When, on the cuntrary/it is drawn oat 
of the poles like an egg. as in fig. 3, it is 
called a prolate spheroid. It is evident 
that in both these solids the radii C 9, C a, 
C N, dbc., are generally unequal ; where- 
as in the sphere they are all equal. 

Note 1(V, p. K.—CttiUr of gravity. A 
point In every body, which if supported, 
the body wUl remain at rest in what- ^l 
ever position it may be placed. About 
that point all tlie parts exactly balance 
one another. The celestial bodies at- 
tract each other as if each were cm- 
densed into a single particle situate in 
the center of gravity, or the particle ritu- 
ate in the center of gravity of each may 
be regarded as possessing the resultant 
power of the innumerable oblique forces which constitute the whole 
attraction of the l>ody. 

Note 11, pp. 4, H.^Poles and equator. Let fig. 1 or 3 represent 4he 
earth, C its center, N C S the axis of rotation. Or the imaginary line about 
which it performs its daily revolution. Then N and S are the north and 
south poles, and the great circle 7 £ Q, which divides the earth into two 
equal parts, is the equator. The 
earth Is flattened at the poles fig. 
i, the equatorial diameter, a (£, 
exceeding the polar diameter, N S, 
by about 36i miles. Lesser cii^ 
cles, A B G, which are parallel to 
the equator, are circles or parallels 
of latitude, v^hich is estimated in 
degrees, minutes, and seconds, 
north and south of the equator, 
every place !n the same parallel 
having the sanie latitude : Green- 
wich is in the parallel of 51O28'40". 
''Thus terrestrial latitude is the an- 
gular distance between the direc- 
tion of a plumb-line at any place 
and the plane of the equator. 
Lines such as NQS, NG£S, 
fig. 3, are called meridians ; ail the places in any one of these lines have 
noon at the same instant. The meridian of Greenwich has been chosen 
by the British as the origin of terrestrial longitude, which is estimated in 
degrees, minutes, and seconds, east and west of that tine. If N G E S be 
the meridian of Greenwich, the position of pny place, B, is determined, 
when its latitude, aCB, and its longitude, EC Ct, are known. 

NoTK 12, p. 4. — Mean quantities are sach as are intermediate between 
others that are greater and les?. The mean of any number of unequal 
quantities is equal to their sum divided by their number. For instance, 
the mean between two unequal quantities is equal to half their sum. 

Note 13, p. 4. — >^ certain fnean latitude. The attraction of a sphere on 
an external body is the same as if its mass were collected into one heavy 

eirticle in its center of gravity, and the intensity of its attraction dimin- 
hes as the square of its distance from the external body increases. But 
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the-attrection of a spheroid, fig. 1, oo an external body at m In the plane 
of its equator, E d. is greater, and its attraction on the same body when 
at m' in the axis N 8 less, than if it were a sphere. Therefore, in both 
eases, the foice deviates frojn the exact law of gravity. This deviation 
arises from the protuberant matter at ttae equator ; and as it diminishes 
toward the poles, so does the attractive force of the spheroid. But there 
is one mean latitude, where the attraction of a splieroid is the same as 
if it were a sphere. It is a part of the spheroid intermediate between the 
equator and the pole. In that latitude the square of the sine is equal to 
I of the equatorial radius. 

NoTK 14, p. i.—Mean distance. The mean distance of a planet from 
the center of the sun, or of a satellite from the center of Its planet, is 
equal to half the sum of its greatest and least distances, and cooscqueqitly 
is equal to half the major axis at its orbit. For example, let P Q, A D, 
fig. 6, be the orbit or patli of the moon or of a planet ; then P A is the 
major axis, C the center, and C S is equal to C F. Now, since the earth 
or the sun iii supposed to be In the points according as PD A Q, is r^arded 
as the orbit of the moon or that of a planet, S A, S P are the greatest and 
least distances. But half the sum of S A and I3 P is equal to half of A P, 
the major axis of the orbit. When the body is at d or D, it is at Its 
mean distance firom S, for B Q, 8 D are each equal to CP, half the major 
axis by the nature of the curve. 

NoTS 15, p. 4. — Mean radius of the earth. The distance from the cen- 
ter to the surface of the earth, regarded as a sphere. It is intermediate 
between the distances of the center of the earth from the pole and t^om 
the equator. 

Note 16, p. 5.— Ratio. The relation which one quantity bears to 
uothdr. 

NoTK 17, p. 5. — Square of moon^s distatree. In order to avoid laiige 
numbers, the mean radius of the earth Is taken for unity : then the mean 
distance of the moon is expressed by 60 ; and the square of that number 
Is 3600, or 60 times 60. 

Note 18, p. 5.— Centrifugal force. The force ^ith which a revolving 
body tends to fly from the center of motion : a sling tends to fly from the 
hand in consequence of the centrifVigal force. A tangent is a straight line 
touching a curved line in one point without ciittiog It, as mT, fig. 4. The 
direction of the centrifugal force is 
in the tangent to the curved line or 
path in which the body revolves, 
and its intensity increases with the 
angular swing of the body, and with 
its distance from the center of mo- 
tion. As the orbit of the moon does 
not differ much from a circle, let it 
be represented by m dj0' A, fig. 4, 
the earth being in C. The centri- 
fugal force arising from the velocity 
of the moon in her orbit balances 
the attraction of the «arth. By their 
joint action, the moon moves tiirough 
the arc m n during the time diat she 
would fly off in the tangent mT by 
the action of the centrifugal force 
alone, cm* fall through mp by the 
earth's attraction alone. T n, the 
deflection from the tangent, is parallel and equal to mp, the versed sine 
of the arc m », supposed to be moved over by the moon in a second, and 
therefore so very small that it may be regarded as a straight line. Tii, 
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or mpt is the space the moon wouM fall tilrough la the first. second oC 
her descent to the earth, were she not retained in her orbit by her cen- 
trlfugal force. 

NoTs 19, p. 5.— Action and reaction. When motion is communicated 
by collision or pressure, the action of the body which strilies is returned 
with equal force by tlie body which receives the blow. The pressure of 
a hand on » table is resisted with an equal and contrary force. This 
necessarily follows from the impenetrability of matter, a property by which 
no two particles of matter can occupy the same identical portion of space 
at the same time. When motion is commuoicated without apparent 
contact, as in gravitation, attraction, and repulsion, the quantity of motion 
gained by the one body is exactly equal to that lost by the other, but in a 
contrary direction ; a circumstance kAown by experience only. 

Note 20, p. 5. — Projected. A body is projected when it is throw.n ; a 
ball fired from a gun is projected ; it is therefore called a projectile. But 
the word has also another meaning. A line, surface, or solid body, -is 
said to be projected upon a plane, when parallel straight lines are drawn 
from every -point of it to the plane. The figure po traced upon the plane 
is a projection. The projection, of a terrestrial object is therefore its day- 
light shadow, since the sunVi rays are sensibly parallel. 

NoTB 31 , p. li.Space. The boundlea regloi^ which contains all creation. 

NoTB 23, pp. 5, 13.— Omic Seetiont. Lines fomied by any plane cut- 
Fig.b. Fig. 9. 





Fig.l. 
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tlog a cone. A cone la a M>lld Agura, like a sticar-loaf, flg. 5, of which A 
ia the apex, AD the axis, and the plane BECF the base. The azto 
may or may not be perpendicular to the base, and the base may be a 
olrcte, or any other curved line. When the axis is perpendicular to the 
base, the solid is a right cone. If a right cone with a circular base be cut 
at right angles to the base by a plane passing through the apex, the sec- 
tion will be a triangle, if the cone be cut turough both sides by a plane 
parallel to ibe base, the section wiU be a circle. If the cone be cut slanting 
quite through both sides, the section wHl be an ellipse, fig. 6. If the cone 
be cut jmruUel to one of the siopiog sides, as A B, the section will be a 
parabola, fig. 7. And if the plane cut only one side of the cone, and be not 
parallel to the other, the section will be a hyperbola, fig. 8. Thus (here 
are five conic sections. 

Note 23, p. 5. — Inverse square of distance. Tb0 attraction of one body 
for another at the distance of two miles js four times less than at the 
distance of one mile ; at three miles, it is nine times less than at one ; at 
foar nules, it is sixteen times less, and so on. That Is, the gravitating 
force decreases in intensity as the squares of the distance increase. 

NoTB 34, p. S.—^EUipse. One of the conic sections, fig. 6. An ellipse 
vay be drawn by fixing the ends of a string to two points, S and F, in a 
sheet of paper, and then carrying the point of a pencil round In the loop 
of the string kept stretched, the length of the string being greater than 
the distance between the two points. The points 8 and F are called the 
foci, C the center, S C or C F the eccentricity, A P the major axis, Q,D 
the hiinor axis, and P B the focal distance. It is evident that the less the 
eccentricity C B, the nearer does the ellipse- approach to a circle ; and 
from the construction it is clear that the length of the string 8 m F ia 
equal to the major axis PA. If T t be a tangent to the ellipse at ta, then 
the angle T m 8 is equal to the angle tm F ; and as this is true for every 
pcnnt in the ellipse, it follows, that in an elliptical reflecting surface, rays 
of light or sound coming from one focus S will be reflected by the surface 
to the other focus F, since the angle of incidence ia equal to the angle of 
reflection by the theories of light and sound. 

Note 25, p. S.—Periadie time. The time hi which a planet or comet 
performs a rdvolution round the stm, or a satellite about its planet. 

Note 36, p. 5. Kepler discovered three laws in the planetary motions 
by which the principle of gravitation is established :— Ist law, That the 
radii vectores of the planets and comets descrilie areas proportional to the 
time. Let fig. 9 be the orbit of a planet ; f^. g. 

then supposing the spaces or areas P Sp, 
pSa, a&b, Jcc. equal to one another, the 
radius vector 8 P, which Is the line joining 
ibe centers of the sun and planet, passes 
over these equal spaces in equyal times, 
that is, if the Hoe 8 P paisses to 8p in one p L 
day, it wHl come to 8 a in two days, to 8 6 
in three days, and so on. 2d law, That the 
orbits or paths of the. planets and comets 
are conic sections, having the sun in one of 
their loci. The orbits of the planets and 
satellites are curves like fig. 6 or 9, called 
ellipaes, having the sun in the focus 8. Three comets ore known to 
move )n ellipses, but the greater part seem to moVto in parabolas, fig. 7, 
having the sun in 8, though it is probable that they really move in very 
long flat ellipses ; others appear to move in hyperbolas, like fig. 8. The 
third law is, that the squares of the periodic times of the planets are pro- 
pDrtiohal to the cubes of their mean distances from the sun. The square 
of a number is that number multiplied by itself, and the cube fif a nnutr 
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ber if that number twice multlfriied by itself. For example, the M|uam 
of the nuinben fi, 3, 4, fee. are 4, 0, 16, A:c., but their cubes are 8, 27, 64» 
itc. Then the squares of the numbers representing the periodic times o€ 
two pianets are to one another as the cubes of the numbers representing 
their mean distances ftom the sun. So that thn»e of these quantities 
being known, the other may be found by the rule of three. The mean 
distances are measured in miles or terrestrial radii, and the periodic times 
ore estionated in years, days, and parts of a day. Kepler's laws extend to 
the satellites. 

NoTK 27, p. S.—Masg. The quantity of matter in a given bulk. It Is 
projiortional to the density and volume or bulk conjointly. 

NoTS 28, p. S.—Cfravitation jn-oportional to mass. But for the reslst- 
nnce of the air, ail bodies would fall to the ground in equal times. In 
fact a hundred equal particles of matter at equal distances from the sur> 
fac&of the earth would fall to the ground in parallel straight lines with 
equal rapidity, and no change whatever wouM take place in the circam- 
Btances of their descent, if 99 of them were united in one solid mass ; for 
the solid mass and the single particle would touch the ground at the 
same instant, were it not for the resistance of the air. 

Note 29, p. 5.— Primary signifies, in asfisonomy, the planet about whicb 
a satellite revolves. The earth is primary to the moon. 

Note 30, p. 6.— Rotation. Motion round an axis, real or imaginary. 

Note 31, p. l^—Compression of a spheroid. The flattening at the polea< 
It is equal to the difference between the greatest and least diameters, 
divided by the greatest ; these quantities being expressed in some Oand- 
ard measure, as miles. 

Note 32, p. 7. -^Satellites. Small bodies revolving about some of the 
planets. The moon is a satellite to the earth. 

Note ^ p. 7. — Mutation. A nodding motion in the earth's axis while 
in rotation, similar to that observed in the spinning of a top. It is pro- 
duced by the attractien of the son and moon on the protuberant matter 
at the terrestrial equator. 

Note 34, p. 7.— j9zt« of Rotation. The line, real or Imaginary, idMUC 
which a body revolves. The axis of the earth's rotation is that diameter, 
or imaginaiy line, passing through the center.and both poles. Fig. 1 being 
the earth, N 8 is the axis of rotation. 

Note 35i, p. l.—J^utation of lunar orbit. The action of the bulging 
matter at the earth's equator on the ^looon occasions a variation in the 
inclination of the lunar orbit to the plane of the ecliptic. Suppose the 
plane Np n, fig. 13, to be the orbit of the moon, and N m it'the plane of the 
ecliptic, the earth's action on th6 moon causes the angle pNm to become 
less or greater than its mean state. The nutation in the lunar orbit is the 
reaction of the nutation in the earth's axis: 

Note 36, p. 7. -^Translated. Carried forward in space. 

Note 37, p. 8. — Force proportional to velocity. Sinee a force Is meas- 
ured by its efibct, the motions of th\e bodies of^the solar system among 
themselves would be the same whether the system i>e at rest or not The 
real inotion of a person walking the deck of a ship -at sea is compounded 
of his own motion qird that of Uie ship, yet each takes place independently 
of the other, We walk about as if the earth were at re8t,^though it has 
the double motion o^rotation on its axis and revolution round the sun. 

Note 38, p. S.— Tangent, A straight line which touches a curved 
line in one point without cutting it. In fig. 4, mT is tangent to the curve 
in the point m. In a circle the tangent is at right angles to the radius C m« 

Note 39, p. 8. — Motion in an elliptical orbit. A planet m, fig. 6, moves 
round the sun at 8 in an ellipse PD A Q, in sonsequeace of two forces 
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one turging il in the direction of the tangent «T, imd another pnlUng It 
toward the sun in the direction m S. It« velocity, which is greatest at 
P, decreaaee throughout the arc to P D A to A, where it is iea<t, and 
inereaaes continually as it moves along the arc A dP till it comes to P 
again. The whole force producing the elliptical motion varies inversely 
as the square of* the distance. See Note 23. 

NoTK 40t p. 8.— Radii veetorts. Imaginary lines joining the center of 
the sun and the center of a planet or comet, or tlie centers of a planet uid 
its satellite. In the circle, tlie radii are all equal ; but in an ellipse, fig. 6, 
thV radius vector 8 A is greater, and S P less than all the others. The 
radii vectores, BU, S D, are equal to C A or C P, half 4lie major axis P A, 
and consequently equal to the mean distance. A planet is at its mean 
distance from the sqn when in the points Q and D. 

Nota 41, p. 8. — Equal areas in equal times. See Kepler'^ 1st, law in 
Note 26. p. 5. 

NoTK 43, p. B.—Major Axis.. The line P A, fig. 6 or JO. 

Note 43, p. 9.—// the planet de- B Fifr- 10. 

teribed a circle, ^e. The motion of 
a planet about the sun, in a cirele 
A B P, fig. 10, whose radius C A is 
equal to the planet's mean distance 
from him, would be equable, that 
is, its velocit}^, or speed, would al- 
ways be the same. Whereas, if it 
moved in the ellipse A Q; P, its 
speed would be ccmtinually vary- 
ing, by Note 39 ; bufr its motion Is 
such, that thov time elapsing be- 
tween its departure from^P, and its 
return to that point agaiq, would be 
the same, wtiether it moved in the 
circle or in the ellipse ^ for these 
curves coincide in the points P & A. 

NoTs 44, p. 9.— 7Vtt« motion. The motion of a body in its real orbit 
PDA a, fig. 10. 

Note 45, p. 9.— Mean motion. Equable motion in a circle P £ A B. 
fig. 10, at the mean distance CP or C m, in the time that the body would 
accompli^ a revolution in its elliptical orbit P D A d. ' 

Note 4d, >. 9. — The equi- 
nox. Fig. 11 represents the 
celestial sphere, and G its 
center, where the earth is sup- 
posed to be. q T Ciz£h is the 
equinoctial or .great circle, 
traced in the starry heavens 
by an imaginary extension of 
the plane of the terrestrial 
equator, and p T « sih is the . 
ecliptic, or apparent path of " 
the sun round the earth. T :^ 
the intersection of these two 
planes, is the line of the equi- 
noxes ; T is the vernal equi- 
nox, and :f:h the autumnal. 
When the sun is in these 
points, the days and nights 
are equal. They are distant 
from cMie another by a 8f«mi- 




Fig, 11. 
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circle, or two right angles. The points E and e are the solstieei, 
where the sun is at his greatest distance from the equinocttat. 
The equinoctial is everywiiere ninety degrees distant from its pules 
N and S, which are two p<^ts diametrically opposite to one another, 
where the axis of the earth's rotation, if prolonged, would meet the 
heavens. The northern celestial pole N is within 1^ 24' of the pole 
stiur. As the latitude of any place on the surface of the earth is equal to 
the height of the pole above the horizon, it b easily determined^ 
observatitm. The ecliptic £ T e :£!: is also everywhere niiC^ty degrees 
distant from its poles P and p. The angle P C N, between the poles P 
and M of the equinoctial and ecliptic, is equal to the angle e C Q, called 
tbe obliquity of the ecliptic. 

Note 47, p. Q.-^Longitude- The vernal eqtdi^ox, T, ^. 11, is the 
zero point in the heavens whence celestial longitadee, or the ai^gular 
motions of the celestial bodies, are estimated from west to east, the 
direction in which they all revolve. The vernal equinox is generally 
called the f.rst point of Aries, though these two points have not coin- 
cided since the early ages of astronomy, about 2233 years ago, on account 
of a motion in the equinoctial points, to be explained bereatler. If S T, 
fig. 10, be th^ line of the equinoxes, and T the vernal equinox, the true 
longitude of a planet p is the angle T Sj», and its mean longitude is the 
angle T C m, the sun being in S. Celestial longitude is the angular 
distance of a heavenly body from the Vernal equinox ; whereas terres- 
trial longitude is the angular distance^f a place on the surface of the 
earth from a meridian arbitrarily chosen, as that of Greenwich. 

Note 48, pp. 9, 57.— Equation of the center. The difibrence between 
T Cm and T 8p, fig. 10 ; that is, the difference between ttie true and 
mean longitudes of a planet or satellite. The true and mean places only 
coincide in the points P and A ; in every other point of the orbit, the 
true plac&is either before or behind the mean place. In moving from A 
through the arc A Q. P, the true place p is behind thck mean place m r 
and through the arc P D A the true place is before the mean place. At 
its maximum, the equation of the center measures C S, the eccentricity 
of the orbit, since it is the difference between the motion of a body in 
an ellipse and, in a circle whose diameter A P is the major axis of tbe 
flUpse. 

Note 49, p. 9.—Jlp8ides. The points P and A, fig. IQ, at the ex- 
tremities of the major axis of an orbit. P is commonly called the 
perihelioQ, a Greek term, signifying round the sun ; and the point A is 
called the aphelion, a Greek term, signifying at a distance from the sun. 

Note 50, p. 9.— JVtncty degrees. A circle is divided into 360 equal 
parts, or degrees; each degree into 60 equal parts, called minutes ; and 
each minute into 60 equal parts, called seconds. It is usual to write * 
these quantities thus, I50 16' 10", which means fifteen degrees, sixteen 
minutes, and ten seconds, (t is clear that an arc m n, fig. 4, measures 
the angle mCn; hence we may say, an arc of so many degrees, or an 
angle of so many degrees : for if there be ten degrees in the angle 
faCn, there will be t&n degrees in the arc mn. It is evident that there 
are 90O in a right angle, m C d, or quadrant, since it is the fourth part 
of360O. 

Note 51, p. 9. — Quadratures. A celestial body is said to be in quad- 
rature when it is 90 degrees distant from the sun. For example, in fig. 
14, if d be the sun, S the earth, and P the moon, then the moon is said to 
be In quadrature when she is in either of the points Q, or D, because the 
angles Q 3(2 and DBd, which measure her apparent distance from the 
sun, are right angles. 

Note 52, p. 9. — Eccentricity. Deviation from circular form. In Ag. 
6, C S is the eccentricity of the orbit, P Q A D. Theless C S, tbe mom 
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Bearly does tiie orbit -or ellipse approach the circular fOTm; and when 
OS is ^ro, tbe ellipse becomes a circle. 

NoTK 53, p. ».— Inclination of an ^orbit. Let S, fig. 13, be tbe center 
of the sun, PN A n, the orbit Hir 12 

of a plauet moving from west ■* '\ 

to east in the direction N p. 'i'.^-"-" """^ 

Let E N m e n be the shadovir ^y-""^' 

or projection of the orbit on y^.-''' 

'the plane of the ecliptic, then jj / /' 

N S n is the intersection of j / 

these two planes, fbr the orbii»' " \! .,.^-- 

rise* above the plane of the pV — "" 

ecliptic toward Np, and sinks Vs. 

below it at N P. The angle N^^s^..,^ 

p N m, which these two planes — — 

make with one another, is the N '*"' 

inclination of the orbit P N p A to the plane of the ecliptic.'' 

NoTK 54, p. 9. — Latitude of^plaiut. The angle p Sm.tig. 12, or tbe 
height of the planet p above the ecliptic E N m. In this case the latitude 
is north. Thus, celestial iaUtude i^ the angular distance of a celestial 
body frour the plane of the ecliptic, whereas terrestrial latitude is the 
angular distance of a place on the surface of the earth from the equator. 

Note 55, p. 10.— J^odes. The two points N and n, fig. 12, in which 
the orbit NAwlP of a planet or comet intersects the plane of the 
ecliptic eNEn. The part N An of the orbit lies above the plane of 
the ecliptic, and the part nPN below it. The ascending node N is the 
point through which the body passes in rising above the plane of the 
ecliptic, and the descending node n is the point in which the body sinks 
below it. The nodes of a satellite's orbit are the points in which it 
intersects the j)lane of the orbit of the planet. 

NoTK 56, p. 10.— 'Distance from ike 8^n. S p in fig. 12. If T foe the 
vernal equinox, then T Sp is the longitude of the planet ;>, m S j» is its 
latitude, and Sp its distance from the sun. When these three quantities 
are known, the place of the planet p is determined in space. 

NoTB 57, pp. 10, 5S.— Elements of an orbit. Of these there are seven. 
Let P N'A n, fig. 12, be the elliptkal orbit of a planet, C its center, S the 
sun in one of the foci, T the point of Aries, and EN en the plane of the 
ecliptic. The elements are, the major axis A P ; the eccentricity C S ; 
the periodic time, that is, the time of a complete revolution of the body 
in its orbit; and the fourth is the longitude of the body at any given in- 
stant: for example, that at which it passes through the perihelion, P, the 
point of its orbit nearest to the sun. That instant is assumed as the origin 
of time, whence all preceding and succeeding periods are estimated. 
These four quantities are sufficient to determine the form of the orbit and 
the motion of the ^ body in it. Three other elements are requisite for 
determining the position of the orbit in space. These are, the angle 
T S P, the longitude of the perihelion ; the angle A N e, wl^ch is the 
inclination of we orbit to the plane of Uie ecliptic ; and lastly, the angle 
T S N, the longitude of N the ascending node. 

NoTK 58, p. 10.-^ ff hose planes, Src. The planes of the orbits, as 
P N A n, fig. 12, in which the planets move, are inclined or make small 
angles e N A with the plane of the ecliptic E N e n, and cut it in straight 
lines, N Sn passing through S the center of the sun. 

NoTB 59, p. 12. — Momentum. Force measured by the weight of a 
body and its speed, or simple velocity, conjointly. The primitive momen- 
tum of the planets is, therefore, the quantity of motion which wAs im- 
pressed upon them when they were first thrown ihto space. 

Note 60, p. \%— Unstable egu^rivm. A body is said to be in eqiiill- 
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brinin wh«ii it is so balanced as to remain at rest. Bat there are two 
kinds of equilibrium, stable and unstable. If a body balanced in stable 
eqailibriuM be slightly disturbed, it will endeavor to return to rest by a 
number of movements to and fro, which will continually decrease till 
they cease altogether, and then the body will be restored te its original 
state of repose. But if Uie equilibrium be unstable, these movements to 
and fro, or oscillations, will become greater and greater till the equUi- 
brium is destroyed. 

NoTK 61, p. 1Z.~>- Retrograde. Gomg backward, as fh>m «ast to WeaC, 
contrary to the motion ofthe planets. 

NoTK 62, p. ^A.— Parallel direetUns. Such as never meet, though 
prolonged ever so far: 



NoTB 63, pp. 14, 16.— The whole force, S-e. 
N ^ a the plane of the ecliptic, p the dis- 
turbed planet moving in its orbit npN, and 
d the disturbing planet Now, d attracts the 
sua and the planet p with different intensities 
in the directions d8, dp: the difference only 
of these forces disturbs the motion of p ; it 
is, therefore, called the disturbing force. But 
this whole disturbing force may be regarded 
as equivalent to three forces, acting in the 
directions p S, p T, and p m. The force act- 
ing in (he radius vector p S, joining the cen- 
ters of the sun and planet, is called the 
radial force. It sometimes draws the dis- 
turbed planet p from the sun, and sometimes 
brings it nearer to him. The force which 
acts in the direction of the tangent, p T, 
is called the tangential force. It disturbs 
the motion o(p in longitude, that is, it accel- 
erates its motion in some parts of its orbit 
Fi;^-. 14. 
O 



Let S, fig. 13, be the sun. 
Fig. 13. ' 





and retards it 
in others, so 
that the ra- 
dius vector 
S p does not 
move over 
equal areas 
in equal times. (SeeNo^96.) Forexsm- 
|. pie, in tlve position ofthe bodies in fig. 14, 
it is evident that, in consequence of the 
attraction of d, the planet P will have ita 
motion accelerated from Q, to C, retarded 
from to D, again accelerated from D to 
O, and, lastly, retarded from O to a. The 
disturbing body is here supposed to be at 
rest, and the orbit circular; but ds both 
bodies are perpetually moving with dif- 
ferent velocities in ellipses, the perturba- 
tions or changes in the motions of V are 
very numerous. Lastly, that part of the 
disturbing force which acts in the direc- 
tion of a line p m, fig. 13, at right angles 
to the plane of the orbit Hpn^ may be 
called the perpendicular force. It some- 
times causes the body to approach nearer, 
and iime(ime<< to recede further fmnv the 
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plane of. ifae ecliptic, N w m than It would otberwlM do. The action of 
the disturbing forces is admirably explained in a work cm gravitation, by 
Professor Airy, of Cambridge. 

NoT« 64, pp. 16, GQ.—Perikelion. Fig. 10, P, the point of an orbit 
nearest the sun. 

Note 65, p. 16.— Aphelion. Fig. 10, A, the point of an orbit fartliest 
from the sun. 

Note 66, pp. 16, i*., 17. In fig. 15 the central force is greater than the 
exact law of gravity ; therefore the curvature Pj»a is greater than Pp A 
the real ellipse ; hence the planet p comes to the point o, called the aphe- 
lion, sooner than if it moved in the orbit Pp A, which makes the line 
PSA advance to o. In fig. 16, on the contrary, the curvature Fpa ii 
Fig. 15. Fig. 16. 




less than in the true ellipse, so that the planet p must move through 
more than the arc P;» A, or 180©, before it comes to the ai^eUon a, which 
causes the greater axis P S A to recede to a. j- 

NoTB 67y pp. 16, n.— Motion of apsides. 
Let PS A, fig. 17, be the position of the 
elliptical orbit of a planet at any time ; 
then, by the action of the disturbing 
forces, it successively takes the position 
P'SA', P"8A", &c., till by this direct 
motiiMi it lias accomplished 'a revolution, , 
and then it begins again ; so that the i 
motion is perpetual. 

Note 68, p. 16.— Sidereal revolution. 
The consecutive return of an object to 
ilie same star. 




NoT» 6fl, p. 16. — Tropical revolution. 
ol\ject to the same tropic or equinox. 

Note 70, p. 17. — The orbit only bulges, 
gft. In fig. 18 the effect or the varia- 
tion in the eccentricity is shown, where 
Pp A is the elliptical orbit at any giv«n 
instant; after a time it will take the 
fbrm P p* A, in consequence of the 
decrease in the edrentrlcity CS; then 
the forms Pp" A, Pp'" A, Ax., conse- 
cutively from the same cause, and as " 
the m<)jor axis P A always retains the 
same length, the orbit approaches more 
ind more nearly to the circular form. 
But after this has gone on for some 
thousands of years, the orbit contracts 
again, and becpniec more and more 
elliptical. 

26 L l2 



The consecutive return of an 
Fig. 18. 
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Not* 71, pp. 18, 19.-rA« eeli^ie is the apparent, pftth of the gm in 

^^''Tp. ^-^Tl^s%ce tends to pull, ^c. The force in qoestkm 
actiMta the^direcUoii pm, fig. 13, puUs the planet p toward the plafle 
N m 1 or pu8he» It farther abSve it, giving the plAnet a tendency to move 
ta m ortitaSove or*elow its undisturbea orbit N/»n, which alters the 
anS^ pN m!^nd makes the node N and the line of nodes Nn change 

*No??73Tl8.-J*fW.an of the nodes. Let S. fig. 19, be the sun^S N » 
theSuneoftheeclipiic; P the disturbing body; and p a planet inoving 
tolts orbU pn. of which ;, » is so small a part that it ,8 represented as a 
Ura^ht linl The plane S n j» of this orbit cats the plane of the ecUpUc 
to SS straieht line 8 «. Sup^ the disturbing force begins to . net on p 
» M nraw the planet intoOie arc pp' ; then, instead of moving in 
the^rbit S n, it will tend to move in the orbit pp' n . Whose plane euta 
£e eel pt?c n the straight line 8 n. If the disturbing force ac^ agam 
uMn the bodv when at %', so as to draw it into the arc p' p ', the p anet 
SSf^n^ ten/t^move in the orbit p'p" n", whose piano cute the ecl.pu? 
S flreTtraSht line Sn". The action of the «««rWng f^f^^J^ 
planet when at p'\ will bring the node to n"', and so on. In thi|i man- 
ner the node goei backward through the ««cceMive points, « n , « , n , 
«x., and the line of nodes 8 n has a perpetual retrograde motion ahoul 




8 the center of \he sun. The disturbing force hna been represented am 
BjCtlng at intervals for the sake, of illustration : in nature it is contintiowv 
to that the motion of the node is continuous also ; though it is sometimes 
rapid and sometimes slow, now retrograde and now direct; but on the 
whole, the motion. is slowly retrograde. * . ^ „ 

Note 74, p.,18.— »^*ea the diitnrbine planet is nny where m the line 
6 N, fig. 19, or in its prolongation, it is in the same plane with the dis- 
turbed planet; and however much it may affect its'- motions in that 
plane, it can have no tendency to draw it ont of it. But when the 
disturbing planet is hi P, at right angles to the line SN, and not in the 
plane of tlie orliii, it has a powerful effect on the motioa of the nodes : 
between these two positirtns there is grent variety of action. 

NoTB 75, p. l9.—TAe changes in the inclination are extremely minute 
when compared with the motion of the node, ns evidently «ppears from 
fig. 19, where the angles npn', n'p' n", &c. are much smaller than the 
corresponding angles n S n', S n", &c. 

NoTB 76, p. 20.— Sine* and cosines. Figure 4 is a Circle; np is the 
sine, and Cp is the cosine of an arc win. Suppose the radius Ci» to 
begin to revolve at to, in the direction mna; then at the point m the 
sign is zero, and the cosine is equal to the radius C m. As the line C m 
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revolves and talies tbe successive positums C n, Co, C6. Sw., the sfoe* 
njf, sf, ^r, fcc. <^ tbe arcs m n, m a, 'm*, Ate. increase, while the corres 
pooding cosines Cp,Cq,Cr^ Itc. decrease, and when the revolving radius 
takes the position Cy, at right angles lo the diameter >rn^ tJie sine be- 
comes equol to the^radius C d^ and the cosine is s^ro. After passing the 
point ii,ihe contrary happens; for the sines eK, /V, &c. diiniaish, and 
the cosines CK, C V, Ate. go oo incjreasuig, till at g the sine is iQero^ and 
the cosine is equal to the radius C^. The same alternation kikes place 
through tbe remaining parts ^A, Am, oflhe circle, so that a sin^ or cosine 
never can exceed the radius. As the rotation of the earth its invariable, 
each point of its surface passes through a complete circle, or 360 degrees, 
in twenty-four hours, at a rate of 15 degrees in an hour. Time, there- 
fore, becomes a measure of angular motion, and vice versd, the arcs of a 
circle a measure of time, since these two quantities vary simultaneously 
and equably, and as the sifies and cosines of the arcs are expressed hi 
tenns of the time, they vary with it. Therefore, however Jong the time 
may be, and how oHen soever the radtns may revolve round the circle, 
the sines and cosines never can exceed the radius ; and ds the radius is as- 
sumed to be equal to unity, their values oscillate between unity and zero. 

Note 77, p. Sl.'^The small eccentricities and inclinatioos of the plan- 
etary orbits, and the revolutions of all the bodies in the same direction, 
were proved by Eaier, La Grange, and La Place, to be conditions neces- 
sary for the stability of the solar system. Recently, however, the peri- 
odicity of the terms of tbe series expressing the perturbations was sup- 
jposed to be sufikient alonci but M. Poisson has shown that to be a mistake ; 
that these tliree conditions are requisite for the necessary convergence 
of the series, and that therefore the stability of ttie system depends oii 
them conjointly with tbe periodicity of the sines and cosines of eacli 
term. The author is aware that this note can only be intelligible to the 
analyst but she is deshrous of conecting an error, and tbe more so as tbe 
conditions of stability afford one of the most striking InstoDoes of design 
in the original construction or our system, and of the foresiglit and su* 
preme wisdom of the Divine- Architect. 

Note 78, p. 21.— AMTSttW medium. A flukl which rasiMs the niottoiis 
of bodies such as atmospheric air, or tbe highly elastk; Huid called ether, 
with which it is presttmed that space is filled. 

NoTK 79, p. 3S.~OMif a<<y of Hu ecliptie. The angle e T g, fig. 11, be- 
tween the plane of the terrestrial equator 9 T Q, and the plane of the eclip 
tic £ T «. The obliquity is variable. 

NoTC 80, p. ^i.—InvariabU p'ane. In the earth the equator Is the itt- 

Fig, 20. 
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yiiriabl« plane whi<;h nearly maintains a parallel position with regard to. 
itself while revolving about the 'sun, as in fig. 20, where EQ representa 
it. The two hemispheres balance one another on each side of this pikoe, 
and would still do so if ail the particles of which they consist were mov- 
able among themselves, provided the earth were not disturbed i>y the 
action of the sun and moon, which alters the parallelism of the equator 
by the small variation called nutation, to be explained hereafter. 

NoTB 81, p. 23. Tf each particle, ire. Let P, P', P", fcc., fig. 21, be 
planets moving in their orbits about the center of gravity of the system. 



Fig,2l. 




Let P 8 M, P" S M', fcc. be portions of these orbits moved over by the radd 
▼ectoree, S P, S P', &«., in a given time, and let p S m, ;»' S nt! &c. be their 
shadows or prcjections on the invariable plane. Then, if tiie numbers 
which represent the masses of the planets, P, P' 4cc. be respectively mul- 
tiplied by the numbers representing the areas or spaces ;» S m, y S m'. Ice. 
the sum of the whole will be greater for the invariable plane than it 
would be for any plane that could pass through S, the center of gravity 
of the system. 

NoT« 82, p. 23.— TA« center of gramty of the solar system lies within 
the body of the sun, because his mass is much greater than the masses 
of all the planets and satellites adcted together. 

NoTK 83, pp. 24, 35. — Conjufiction. A planet is said to be in conjunc- 
tion when it has the same longitude with the sun, and in opposition 
when its longitude differs from that of the sun by 180 degrees. Thus two 
bodies are said to be in conjunction when they are seen exactly in the 
same part of the heavens, and in opposition when diametrically oppoate 
to one another. Mercury and Venus, which are nearer to the sun than 
the earth, are called inferior planets, while all the others, being farther 
from the sun than the earth, are said to be superior planets. Suppose 
the earth to be at E, figure 24 ; then a superior planet will be in conjunc- 
tion with the sun at C, and in opposition to him when at O. Again, 
suppose the earth to be in O, then an inferior planet Will be in conjunct 
tion when at £, and in opposition when at F. 

Note 84, p. 25.— 7%e periodic inequalities are computed for a given 
time ; and consequently for a given form and position of the orbits of the 
disturbed and disturbing bodies. Although the elements of the orbits 
vary so slowly that no sensible effect is produced on inequalities of a 
short period ; yet, in the course of time, the secular variations of the ele- 
ments change the forms and relative positions of the orbits so much, that 
Jupiter and Saturn, which would have come to the same relative positions 
with regard to the sun and to one another after 850 years, do not arrive 
at the same relative positions tHl after 918 years. 
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v.^S'^.frU^f'^"^^^''^ The relative po«itiod of the planeti 
with regard to one another, to the 8tHi. and to the>l«,e of the eclijrti^ 
— r**T*» * p. 26— In the same nwnner that the eccentricity of an ellioti- 
cal orLit may be increased or diminished by the actionTf UirdlsturWnir 
forces, so a bircular orbit may acquire le« or more ellipticUy from tK 
rome cause: It is thus that the forms of the orbit of the &J and s^ond 
CefiTcirdr' '^^'"''^ '^'^'''' ^'^'•^ "^^^ eUip«.H'u4rinrve^ 
^TE 87, p. ^.--Tke plane of Jupiter's equator ia. the imagiaary nlane 
passing through his center at right angles to bis axis ofrSmSSi- ISd 
n^nHS?*"?; ^'^^ plane jEaTm 4 1- The satell]te?Z»Te'v^^ 
nearly m the plane of Jupiter's equator, for if J be Jupiter, fig. 22, p/hS 

int^.22. 




Sn P« «nH?f to ^'»?"°t«ri«» diameter, which Is 0000 miles longi»r 
S!Lt-^' ^u ^^i^ *"** -^ E be the planes of hla orbit and equator seen 
«igewise, then the orbits of his fo\ir satellites seen edgewiS will hivS 
AepositionsJl J2 J3 J4^ These are extremely near to SeanJShJr! 
for the angle £ J O is only 3° 5' 30". j * ^^ »uu«ucr, 

fi,?^7" ^^V^i* ^^"J" consequence of the «atellite8 moving so nearly hi 
the plane of Jupiter's equator, when seen from the earth, they appear to 
^.t'^^V^'y ""^u^y '° a straight line, however much they may Change 
their posiUons with regard to one another and to their primijy fS 
fh."*!;!? !lm ";.^rr^"«%^^ *« ^d, 4th, 5th, and 6th of JLnuf^; ,^' 
the stttellites had the configurations ^ven in fig. 23, where O is JupUer 
^ Ji'y.23. *^ ' 



4 I 3i ^ O •/ 



A. 



and 1, 2, 3, 4, are the first, second, third, and fourth satellites. The satel- 
lite is supposed to be moving in a direction from the figure toward the 
point. On the sixth evening tlte second satellite was seen on the disc of 
the planet. 

NoTB 89, p. ^.—Angxdar motion or velocity is the swiftness With 
which a body revolves— a sling, for example ; or the speed with which 
the surface of the earth performs its daily rotation about its axis. 

Note 90, p. ^.^Displacement of Jupiter's orbit. The action of the 
planets occasions secular variations in the position of Jupiter's orbit J O 
fig. 22, without affecting the plane of his equator, J E. Again, the sun 
iBd satellites themselves, by attracUog the protuberant matter at Jupiter's 
equator, change the posltliMi of the plane J E without affecting JO. Both 
of these cause itertarbations in the motions of the satellites. 

Note 91, p. ^.—Precession, with regard to Jupiter, is a retrograde 
notion of the point where the lines JO, J E, intersect fig. 22, 
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NoTK ffif p. 99.—Sfnodw mctien of a tateliite. 4ta la(Mloii dariog the 
Inwrval brtween two of its ognsecotlve eclipses. -^ 

NoTc 93, p. 29.— Oppo»t<ton. A body is Mid lo tw in opposition when 
Its longitude dtffera from that of the son by 180O. If S, fig. 24, be th9 



i^.24 




Fiff. 25. 



tun, and E the earth, then Jupiiar is in opposition when at O, and in 
coDJunoiion when at C. In these positions the .three bodies are 4n t)M( 
same straight line. . 

NoTK 94, p. ^.—Eelipgeg of tke 
9ateUitea. Let S, fig. 35, be the sun, 
J Jupiter, and a B 6 his shadow. Let 
the earth lie moving in its orbit, 
in the direction EARTH, and the 
third satellite in the directioii ahmn. 
When the earth is at E, the satellite, 
in moving through the arc a b, will 
vahisi) at a, and reftppear at i, on the 
same side of Jupiter. If the earth be 
in R, Jupiter will be in opposition; 
and then the satellite, in moving 
through the arc a 6, will vanish close 
to the disc of the planet, and will re-' 
appear on the other side of it. But if 
the satellite be moving through the 
arc fUTt, it will appear to pass evei 
the disc and eclipse the planet 

NoTB 95, pp. 30, 42.— JMeridtait. A 
Carrestrial meridian is a line paaing 
round the earth and through both 
poles. In every part of it noon hnp- 

r)ns at the same instant. In figures 
and 3. the lines N a S and N G S 
are meridians, C being the center of 
the earth, and N S its axis of rotation. 
The meridian passing through the 
Observatory at Greenwich is assumed / 
by the British as a fixed origin from / 
whence terreHrial longitudes are mea- ^^/ 
eared. And as pach {mint on thesur- / 
ftee of the earth passes through 3(I0O, | 
or a complete circle in twenty-four I 




K^ 
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mran, at the rate of 15 degrees in an hoar, ttme becomes a representativo 
of anfluirar motion. Hence if the ecHpee of a «atelHte happens at any 
place at eight o'clock in the evening, and the Nautical Almanac shows 
that the sjime phenomenon -m' ill take place at Greenwich at nine, the 
place of observation will be in the 15P of west lon^tade. 

NoTK 96, p. 30.^Conjunction. Let S be the sun, fig. 34, E the earthf 
and J OJ' C the orbit of Jupiter. Then the eclipses which happen wh«B 
Jupiter is iu O are seen JG™ 26« sooner than those .which take place when 
the planet is inC. Jupiter is in conjunction when at C and in opposition 
when in O. 

NoTB a?, p. 30.— /n tke duifonal, Src. Were the Jhie A S, fig. 26, 
100,000 times longer tluii^A B, Jupiter's true place . fig. 36. 

would be in the direction AS', the diagonal of the 
figure A B S' S, which is, of coarse, out of proper- 
tion. 

NoTB 98, p. 2\.—Merratio% of light. The ce- 
lestial bodies are so distant, that the rays of light 
coining from them may be reckoned porallel. 
Therefore, let S A, S' B, fig. 26, be two rays of light 
coming from the sun, or a planet, to the earth 
moving in its orbit in the direction A B. If a tele- 
scope be held in the direction A S, the ray S A, 
instead of going down the tuBe, will impinge on its 
side, and be lost in consequence of the telescope 
being carried with the earth in the direction AB. 
But if the tube be held in the position A E, so that 
' A B is to A S as the velocity of the earth to the 

velocity of light, the ray will pass through S' E A. ■ 

The star appears to be in the direction A S, when B A 

it really is in the direction A W, hence the angle S AS' is the angle of 
aberration.^ 

Note 99, p. 2\.--DeMity proportional to elasticity. The more a fluid, 
each as atmospheric air, is reduced in dimensions by pressure, the more 
it resists the pressure. 

NoTK 100, p.^.— OaeillationB of penivlnm retarded. If a clock be 
carried from the pole to the equatoMta rate will be gradually diminished, 
that is, it will go slower and slower, because the centrifugal force which 
increases from the pole to the^qaator, diminishes the force of gravity. 

NoTK 101, p. 33. — Disturbing action. The disturbing force acts here 
in the very same manner as in note 6.3'; only that the disturbing body d, 
fig. 14, is the sun, S the earth, and p the moon. 

NoTB 102, pp. 34, 3(5, ^\ .'-Perigee. A Greek word signifying round 
the earth. The perigee of the lunar orbit is the point P, fig. 6, where the 
vawM is nearest to the earth. It corresponds to the perihelion of a planet 
Sometimes the word is used to denote the point where the sun is nearest 
to the earth. , 

NoTB 103, p. M.-'Eveetion. The evectfon is produced by the action of 
the radial force in the direction S p, fig. 14, which somettines increases 
and sometimes diminishes the earth's attraction to the moon. It produces 
a corresponding temportuy change in the eccentricity, which varies with 
the position of the major axis of the lunar orbit in respect of the line S if, 
joining the centers of the earth and sun. 

Note 104, p. 34. — Variation. The lunar perturbation called the varia- 
tion is the alternate acceleration and retardation of the moon in longitude, 
from the action of the tangentinl force. She is accelerated in going from 
quadratures in Q, and D,~fig. 14, to the points C and O, called syzygies, 
wad is retarded in going from the syzygies C and O to CI and I> again. 
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NoTK lOS, p. X.—Sffutre of iinu. If the times increase at the nte of 
1, 8, 3, 4, ice., yean or hundreds of years, thk squares of the times will 
be 1, 4. 9, 16, &c., years or hundreds of years. 

NoTK 106, p. 37. — Mean anomtdy. The mean anomaly of a planet Is 
its angular distance from the perihelion, suppo^ng it to move in a circle. 
The true anomaly is its angular distance from the perihelion in its ellip- 
tical orbit. For example, in fig. 10, the mean anomaly is PC m, and the 
true anomaly is P S p. 

Note 107, pp. 38, 63. — Many eircumference§. There are 360 degrees, 
or 1,296,000 seconds, in a circumference ; and as the.acceleration of the 
moon only iucreases at the rate of eleven seconds in a century, it must 
be a prodigious number of ages before it accumulates to many circum- 
ferences. 

NoTi 108, p. 28.—Phade§ of tl^e moon. The periodical changes in the 
enlightened part of her disc Irom a crescent to a cu'cie, depending upon 
her position with regard to the sun and earth. 

Note 109, p. 39. — Lunar edipie. Let S, fig. 27, be the sun, E the 
earth, and m the moon. The space a A & is a section of .the shadow, 



Fig. 27. 




which has, the form of a cone or sugar-loaf, and the spaces A a e, A 6 tf, 
are the penumbra. The axis of the cone passes through A, and through 
E and S, the centers of the sun and earth, and it m n' is the path of the: 
moon through the shadow. 

NoTK 110,. p. dQ.^^pparent diameter. The diameter of a celestial body 
as seen from the earth. 

Note 111, p. 39.— Penumbra. The shadow* or imperfect darlcness, 
which precedes and follows an eclipse. 

Note 112, p. 39.- Synodic revolutionrof the moon. The time between 
two consecutive new or full moons, 

Note 113, p. 39. Horizontai refraction. The light, In coming from a 
celestial object, is ben. into a curve as soon as it enters our atmosphere, 
and that bending is greatest when the object is in the horizon. 

Note 114, p. A^.—Solar eelipee. Let S, fig. 28, be the sun, nt the moon, 
and £ the earth. Then a B6 is the mo6n's shadow, which sometimes 
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6c1t|Mes a small portion of tbe ea|fh*8 sarfaoe at «, and iom«ltroes fkU» 
short of it. To a person at e, in the center of the shadow, the eclipse 
may be total or annular; to a person not in the eeirter of the shadow, a 
part of the sun will he eclipsed ; and to one at the edge of the shadow 
there wUl be no eclipse at all. The spaces P 6 E, F a E are the oen- 
opbra. *^ 



Not* 115, p. 4&.—Prom the. extremitiet^ ^e. 
If the length of the line a h, fig. 5i9, be Hieas- 
lired, in feet or fathoms, the angles S 6 a, 
Bab, can be measured, and then the angle 
a-8 b is known, whence the length of the line 
S C may be computed, a S 6 is the parallax 
of the object S, and it is clear that the greater 
the distance of S, the less the base a b will 
appear, because the angle a S^Ms less than 



Note 1 16, p. 4a.— Every particle wUl describe a, eireU, ice. If N S, fie. 
3, be the axis about which the body revolves, then particles at B. O, 
&c., will whirl in the^ircles B G A a, a E jf d, whose centers are in the 
axis N S, and their planes parallel to one another. They are. in fact, 
paralldls of latitude, a E ? d being the equator. «/««,*" mci, 

S.V\1^\'^' ¥'~J'^ ^'^^^ ^f r-avittf, ire. Gravity at tbe equator 

acts in the dhrection a C, fig. 30 ; whei'eas the direction of the centrifugal 

Fig. 30. 

iZ 

/Z 
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foree it enetly cootrary, being In the direction C Q; hence the dU|er- 
tiiee of the two ii the force called gravitatiob, which mattes bodies fall 
to the •urfiice of the earth. At aoy point, m, not at the eqoator, the 
direction of gravity is « ft, perpendicular to the surface ; but the centri- 
tuml force acts perpendicularty to N S, the ajcis of rotation. Now the 
eflect of the centrifugal force is the same as if it were two forces, one of 
which, actlnff in the direction b m, diminishes the force of gravity ; and 
another which, acting in the direction m f, tangent to the surface at m, 
urges the particles toward U, and tends to swell out the earth at the 
equator. 

Note 118, p. iA.— Homogeneous nuut. A quantity of matter, every- 
where of the same density. 

Note 119, p. 44. — Ellipsoid of revolution. A solid formed by the revo- 
lution of an ellipse about its axis. If the ellipse revolve about its minor 
axis a O, 6%. 6, the ellipsoid will be oblate, or flattened at the poles like 
an orange. If the revolution be about the greater axis A P, the ellipsoid 
will be prolate, like an egg. 

Note 120, p. iA.-— Concentric elliptical strata. Strata, or layers, having 
an elliptical form and the same center. 

Note 121, p. 45.— On the vhole, <$-c. The line NQ Sff, fig. 1, repre- 
sents the ellipse in question, its major axis being Q, 9, its mmor axis N S. 

Note 122, p. A5.— Increase in the length of the radii, ^c. The radii 
gradually increase from the polar radius CN, fig. 30, which Is least, to 
the equatorial radius C Q, which is greatest. There is also an increase 
in the lengths of the arcj corresponding to the same number of degrees 
from the equator to the poles, for the angle N C r, being equal to 9 C tf, 
the elliptical arc N r is less than q d. 

Note 123, pp. 45, 259.— C9«in« of latitude. The angles m C a, m C 6, fig. 
4, being the latitudes of the points a, b, &c., the cosines are O 9, C r, &c. 

Note 124, p. 46.— Jin are of the meridian. Le^ N a S 9, fig. 30, be the 
meridian, and m n the arc to be measured. Then if Z' m, Z n, be verti- 
cals, or lines perpendicular to the surface of the earth, at the extremities 
of the arc m M they will meet in p. Q a m, Qftm, ana the latitudes of the 
points m and n, and their difference la the angle mpn. Since the latfc> 
tudes are equal to the height of the pole of the equinoctial above the 
horizon of the places m and n, the angle mpn may be found by observa- 
tion. When the distance m n is measured in feet or fathoms, and divided 
by the number of degrees and pacts of. a degree contained in the angle 
m p It, the length of an arc of one degree is obtained. 

Note 125, p. 46.— wi series of triangles. Let M H', fig. 31, be the 



15^.31. 




meridian of any place. A line, A B, is measured with rods, on level 
ground, of any number of fathoms, C being some point seen from both 
ends of h. As two of the angles of the triangle ABC can be measured, 
the lengths of the sides A C, B C, can be computed ; and if the angle 
m A B, which the base A B makes with the meridian, be measured, the 
length of the sides B m, A m, may be obtolned by cwnputation, so that 
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Am, a small part of the merktlan, is detenniBe<k Again, if D be a point 
visible from the extremitiea of the known line B C, two of the angles of 
the triangle B.€ D may be measured, and the -length of the sides C D, 
B D, computed. Then if the angle Bmm' be measured, all the angles 
and the side B m of the triangle Bmm' are known, whence the length of 
the line.m m' may be computed, so that the portion A m' of the meridian 
is .determined, and io the same manner it may be prolonged indefinitely. 

N0T« 186, pp. 47. 48.— TA<! aguare of the sine ofth* latitude. Q,hm, flg. 
30, being the latitude of m, e m is the sine, and b e the cosine. Then the 
number expressing the length of e m, multiplied by itself, is the square of 
the sine of the latitude ; and the numbier expressing the lengtli of 6 c, 
multiplied by itseli; is the square of the cosine of the latitude. 

Note 127, p. A^.—A pendulum is that part of a clock ivhich swings to 
and fro. 

NoTK 138, p. 51.— Parallax. The angle aSfr, fig. S9, under which we 
view an object ab: it theref(M« diminishes as the distance increases. The 
parailtix of a celestial object is the angle which the radius of the earth 
would be seen under, if viewed from that object. Let £, fig. 33, he the 



Fig. 33. 




center of th6 earth. EH -ta radius, and mH O the horhMm of an observer 
at H. Then H: m B is the parallax of a body m, the moon for example. 
As » rises higher and higher iathe heavens to the points m\ m", &e:, 
the parallax H m' £. H m" E, Sec. decreases. At Z, the zenith, or point 
immediately above the head of the observer, it is zero ; and at m, where 
the body is in the horizon, the angle H m E is the greatest possible, and 
is called the horizontal parallax. It is clear that with regard to celestial 
bodies the whole effect of parallax is in the vertical, or in the direction 
m m' Z ; and as a person at H sees m' in the direction H m' A, when' it 
really is in the direction Em'B, it makes celestial objects appear to be 
lower than they really are. The distance of the moon from the earth 
has been determined from her horizontal parallax. The angle E m H 
can be measured. EHm Is a right angle, and EH, the radius of the 
earth, is known in miles; whence the dittinnce of the moon Em is easily 
found. Annual parallax is the angle under which the diameter of the 
earth's orbit would be seen, if viewed from a star. 
Note 129, p. 58.-7%* radii nB, n G, 4u}., fig. 3, are equal in any one 
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parallel of Intitade, Ao, B6; therefore a change in thepamliaxob- 
■erved In that parallel can only arise from a change in the mom*t 
diftance from the earth : and when the moon ig at her mean distance, 
which is a constant quantity eqoal to half the mnjor axis of her orbit, a 
change in the parallax otMerved in different latitudes, 6 and E, Diuift 
arise froui the difference in the lengths of the radii n G and C E. 

NoTB 130, p. SS.— fVhen Venma is in her nodes. She must be in the 
Hne N S n, where her orbit P N A w cutsi the plaae of the ecliptic E N « a, 
llg. 13. 

Note 131, p. S2.^The tins dsseribed, ^e. Let E, fig. 33, be the earth, 




B the center of the sun, and V the planet Venus. The real transit of 
the planet, seen from E the center of the earth, would be in the direction 
A B. A person at W would see it pass over the sun in the line « a, and 
a person at O would eee it move across him In the direction «' a'. 

Note 133, p. Sa.^Kepler'8 law. Suppose it were required to find the 
.distance of Jupiter from the sun. The periodic times of Jupiter and 
Venus are given by observation, and the mean distance of Venus from 
the center of the sun is known in miles or terrestrial radii ; therefore, by 
the rule of three, the square root of the iieriodic time of Venus is to the 
square root of the periodic time of Jupiler, as the cube root of the mean 
distance of Venus from the sun, to the cube root of the mean distance of 
Jupiter from the sun, which is thus obtained in miles or terrestrial radii. 
The root of a number is that number which, once multiplied by itself, 
gives its square; twice nmltipiied by itself, gives its cube, frc. For 
example, twice 2 are 4, and twice 4 are 8 ; 2' is therefore the square root 
of 4, and the cube root of 8. In the same manner 3 times 3 are 9, and 3 
times 9 are 27 ; 3 is therefore the square root of 9, and the cube root of 27. 

Note 133, p. 55.— /nvarse/y, ($-c. The quantities of matter in any two 
primary planets are greater in proportion as the cubes of the numliers 
representing the mean distances of their satellites are p-eater, and also in 
proportion iw the squares of their periodic limes are less. 

Note 134, p. 55. — As hardly anything appears more imposrible than 
that man should have been able to weigh the sun as it were in scales 
and the earth in a balance, the method of doing m may have some 
interest. The nttrnetion of the sun is to the attraction of the earth, as 
the quantity of matter in the sun to the quantity of matter in the earth: 
and as the force of this reciprocal attraction is measured by its effiicts, 
the space the earth would fall through In a second by the sun^s attrac- 
tion, is to the space which the sun woald fall through by the earth's 
attraction, as the mass of the sun to the mass of the earth. Hence, as 
many times as the fall of the earth to the sun in n second exceeds the 
fall of the sun to the earth in the. same time, so many times does the 
mass of the sun exceed the mass of the ennh. Thus the weight of the 
sun will be known if the length of these two spoces can be found in 
miles or parts of a mile. Nothing can be easier. A heavy boily falls 
through 16-0697 feet in a kecond at the surface of the earth by the 
esrtb's attraction ; and w the force of gravity is inversely as the square 
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of the distance, it is dear that 16*0097 feet are to the space a hody woald 
fall thmni;h at the distance of the sun by the earth*8 attraction, as the 
square of the distance of the sun from the earth to the square of the 
distance of the center of the earth from its surface ; that is, as the square 
of 95,000,000 iniies to the square of 4000 mites. And thus, by a simple 
question in the rute of three, the space which the sun would Tall thnNuli 
in a second by the attraction or the earth may be found in parts ofa 
luile. The space the earth would fnll throu|th in a second by the attrac- 
tioa of the sun must now be found in miles also. Suppose m «, dg. 4, to 
be the arc which the earth describes round the sun in C in a second of 
time, by the joint action of the mm and the centrifugal force. By the 
Centrifuf^aj force alone the earth would move from m toT in a second, 
and by the sun's attraction alone it would fail throufih Tn in the same 
time. Hence the length of Tn in miles is the space the earth would fall 
through in a second by the sun's attraction. Now as the earth's orbk is 
very nearly a circle, if 360 degrees be divided by tlie number of seconds 
in a sidereal year of 365^ days, it will give mn, the arc which the earth 
moves through in a second, and then the tables will give the length of 
the line T C in numbers corresponding to that angle ; but as the radius 
G » is assumed to be unity in the tables, if I be subtracted from the 
number re|)fesenting C T, the length of T n wHl be obtained ; and whea 
multiplied by 95,000,000 to reduce it to miles, the space which the earth 
falls through' by the sun's attraction will be obtained in miles. By this 
tfmple process- it is found that if the sun were placed in oiie scale ofa 
balance, it would require 354,936 earths tu form a counterpoise. 

Note 135, p. 58. The snm of the greatest and least distances, S P, S A, 
flg. 12, is equal to PA. the major axis; and their difference is equal to 
twice the eccentricity C S. The longitude T S P of the piaYiet, when la 
the point P, at its least distance from the sun, is the longitude of the peri- 
helion. The greatest height of the planet above the jilane of the ecliptic 
E N «« Is equal to the inclination of the orbit P N A n to that plane. The 
longitude of the -planet^ when In the plane of the ecliptic, can only be the 
l<m^tude of one of the points N orn ; and when one of these points is 
knowD, the other is given, being 180° distant from it. Lastly, the time 
included between two consecutive passages of the planet through the 
same node N orn is its periodic time, allowance being made for the recess 
of the node In the interval. 

NoTK 136, p. 59. Suppose that it were required to And the position of 
a point in space, as of a planet, and Umt one observation places it iu n, 
fig. 34. another observation places it in n', Fig. 34. 

another 1n n", and so on ; all the points 
n, n', n", n'", &c. being very near to one 
another. The true place of the planet P h^ 
win not differ ranch from any of these ' 
positions. It is evident, from this view of 
the subject, that Pn, Pn', Pn", &c. are 
the errors of observation. The true posi- 
tion of the planet P is found by this prop- 
erty, that the squares of the numbers 
Xsenting the lines P n, P n', dec., when 
1 together, are the least possible. 
£nch line P n, P n', 4cc. being tlie whole error in the place of the planet, is 
made up of the ern»rs of all the elements ; and when compared with the 
OTors obtained from theory, it affords the means of finding each. The 
fHinciple of least squares is of very general application ; its demonstration 
cannot find a place here ; but the reader is referred to Blot's Astronomy, 
vol. ii. p. 903. 

NoTK 137, p. ei.^An axis that, Sre. Fig. 90 represents the eartli 
M n 2 
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revolving in Its orbit aboat tlie sun S, tbe axis of rotation Pp being every- 
where parallel to itwif. 

NoTB 13i, p. 6l.^^nguJar vetocitia that are tensibff uniform. The 
earth and planets revolve about their axes wkh an equable motion, which 
is never eilfaer ikster or slower. For example, the length of the day is 
■ever more nor leas than twenty-four hours. 

NoTK 139, p. 64. If 1^. 1 be the moon, her polar diameter XS is the 
shortest; and of those in the plane of the equator, Q,Bg, that wliich 
points to the earth is greater than all the others. 

Note 140, p. 9d,~-Jnvereel^ proportunial, ^c. That is. tlie total amount 
of solar radiation becomes less aa the minor axis C Gf, fig. 90, of the earth's 
orbit beocHiies greater. 

NoTK 141, p. 70. Fig. 35 represents the . ^'^' ^* 

position of the apparent orbit of the sun 
as It is at present, the earth being in E. 
The sun is nearer to the earth in moving 
tlirough :^P T, than in moving through 
T A£i, but iU motion through £i:P T 
is more rapid than its motion through 
T A :2s ; and as the swiftness of the mo- 
tion and the quantity of heat received 
vary In the same proporUon, a compensa- 
don takes place. 

Note 14S, p. 71.— /a an ellipgoid of molution, fig. 1, the polar diameter 
NS and every diameter in the equator ^EQ,^ are permanent axes of 
rotation, but the rotation would he unstable about any other. Were the 
earth to begin to rotate about C a, the angular distance from a to the equa- 
tor at g would no longer be ninety degrees, which would be immediately 
detected' by the change it would occasion in the latitudes. 

Note 143, pp. 50, 75. Let 7 T Q, and E T e, fig. 1 i, jw the planes of the 
equator and ecliptic. The angle e T Q, which separates them, called the 
obliquity of the ecliptic, varies in consequence of the acdrai of the son 
and moon upon the protuberant matter at the earth's equator. That 
notion brings the point Q toward e, and tends to make the plane qTQ, 
coincide with the ecliptic E T e, which catues the equinoctial peiots, T 
and z£h, to move slowly backward on the plane « T E at the rate of 50"*41 
amiMaliy. This part of the motion, which depends upon the form of the 
earth, is called luni-solar precession. Another port, totally independent 
of the form of the earth, arises from the mutual action of the earth, 
planets, and sun, which, altering the position of the plane of the ecliptic 
« T E, causes the equinectiai points T and £^ to advance at the rate of 
0"'31 annually ; but as this motion is much less than the former, tlie 
equinoctial points recede on the plane of the ecliptic at the mte of SO'^'l 
annually. This motion is called the precession of the equinoxes. 

Note 144, pp. 61, 76. Let 9 T Q, T E, fig. 36, be the planes of the 
equinoctial or celestial equator and ecl1j[>tic, and p, P, their poles, l^ben 
suppose p, the pole of the equator, to ravolve with a tremulous 6r wavy 
motion In the little ellipse ^cd* hi about 10 years, both motions being 
very small, while the point a is carried round in the circle a A B In 3S,8QB 
years. The tremulous motion may represent the half-yearly variation, 
; the motion in the ellipse gives an ideaof the nutation discovered by Bradi- 
- ley, and the motion in the circle a A B arises from the precessioii of the 
equinoxes. The greater axis p d of the nniill ellipse is l8"-5, its miner 
axis 6 c is 13"-74. These motions are so small, that they have very little 
efiect on the parallelism of the axis of the earth's rotation during Its revo- 
lution round the sun, aa represented in fig. 90. As the stars are fixed, Ihis 



d by Google 



J 



NOTES. 415 




real motion in the pole of the earth mast cauee an apparent change m 
their places. 

NoTB 145, p. 78. Let N be the pole, fig. 11, «£ the ecliptic, and Qf 
the equator. Then N n m S being a meridian, and at right angles to the 
equator, the arc T m is leas than the arc T n. 

Note 146, p. 80.— I/Mtoeo/ rising of Sirius. When the star appears 
In the morning, in the bortson, a little before the rising of the sun. 

Note 147, p. 83. Let P T A :^ fig. 35, be the apparent orbit or path 
of the sun, the earth being in E. Its major axis, A P, is at present situate 
as in the figure, where the solar perigee P is between the solstice of 
winter and the equinox of spring. So that the time of the sun's passage 
through the arc T AiCz is greater than the time he takes to go through 
the arc :£= P r . The major axis A P coincided with £2: T , the line of the 
equinoxes, 4000 years before the Christian era ; at that time P was in the 
point T. In 6468 of the Christian era, the perigee P will coincide with 
iHs. In 1234 A. D. the mc^ axis was perpendicular to T ^r^ and then P 
was in the winter solstice. 

NoTi 148, p. 83.— Jit the sohtiees, ice. Since the decliDation of a celes- 
tial object is its angular distance from the equinoctial, the declination of 
the sun at the solstice is equal to the arc Q,«, fig. 11, which measures the 
obliquity of the ecliptic, or angular distance of the plane T «:£= from the 
plane T Q:^. 

Note 149, p. 83. — Zeniik distance is the angular distance of a celestial 
object from the point immediately over the head of an observer. 

Note ISO, p. Si.— Reduced to the level of the tea. The force of graTita- 
tton decreases as the square of the height above the surface of the earth 
Increases, so that a pendulum vibrates slower on high ground ; and in 
order to have a standard independent of local circumstances, it is neces- 
sary to reduce it to the length that would exactly malce 86,400 vlbrationa 
in a mean sdiar day at the level of the sea. 

Note 151, p. 84.— ./i quadrant of the meridian Is a fourth part of a 
meridian, or an arc of a meridian containing 90^, as N Q,, fig. 11. 

Note 158, p. 86.— 7%« angular vehdtff of tht earth'' a rotation is at tho 
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rate of 18(P in twelve bonra, which is the time included between the- 
paasagesiof tlie moon at the upper and under meridian. 

Note 153, p. 99.— If S be the earth, % 14, d the sun, and C U O D the 
orbit of the moon, then C and O are the svzygies. When the moon is 
new she is at C, and when full she is at'O ; and as both sun and moon 
are then on the same meridian, it occasions the spring-tides, it being high 
water at places under C and O, while it is low water at those under a 
and D. The neap-tides happen when the moon is in quadrature at a 
or D, for then she is distant from the sun by the angle dS O, or dS D, 
each of which is 9(P. 

Note 154, pp. 89, 9Q.-'Deelin(Uion. If the earth be in C, fig. 11, and 
If fl T Q, be the equinoctial, and N m S a meridian, then m C n is the de- 
clination of a body at ». Therefore the cosine of that angle is the cosine 
of the declUiation. 

Note 155, p. 91.— Jlfoon s wuthing. The time when the moon is on 
the meridian of any place, which happens about forty-eight mmutes later 
every day. 

Note 156, pp. 93, 124.— Fig. 37 shows the propagation of waves from 

Fig. 37. 




two points C and C, where stones are supposed to have fallen. Those 
points in which the waves ch)S8 each other, are the places where they 
counteract each other's effects, so that the water is smooth there, while 
it is agitated in the intermediate spaces. 

Note 157, p. 94.— TA« centrifugal force may, ire. This centrifugal 
force nets in a direction at right angles to N S, the axis of rotation, fig. 30. 
Its effects are equivalent to two forces, one of which Is in the direction 
6 m perpendicular to the surface Q, m n of the earth, and diminishes the 
force of gravity at m. The other acts in the direction of the tangent m T, 
which malKes the fluid particles tend toward the equator. 

Note 158, p. 101. — Analytical fdrmula ar expression. A combination 
of symbols or signs expressing or representing a series of calculation, and 
including every particular case that can arise from a general law. 

Note 159, p. 104.— P/atfna. The heaviest of metals; its color is be- 
tween that of silver and lead. 

Note 160, p. 105 — Fi;^. 38 is a perfect octahedron. Sometimes *ts an- 
gles, A,^, a, a,&c., are truncated, or cut off. Sometimes a slice is cut 
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NoTB 161, p. 106. —rrimatic erymtlu ot mdpiiAte c£ nktel ave lottM- 
what Uka fig. OB, only that they are thin, like\ hair. 
Non 103, p. 108. — Zm«, a metal either ftHmd aa aa ore or mixed 
Itiaaeedlni 



wUh other netala. 



NoTB 163, p. 107.--WI Mle li a solid 
oontaiaed by aix plaaa •^aarn aarftoea, 
aafig. 30. 



FV#.40. 



Fig.^d, 




Nora 164, pb IVJ.^A UifuMiton ia a aoUd oontained hy four triangular 
aurfeoea, aa fig. 40 : of thia solid there are many varieties. 

NoTB 165, p. Vn. —There are many yarietiea of the octahedron. In 
^at meaCioned in the text, the base a a a a, ^. 38, is a square, bat the 
base may be a rhomb ; this solid may also be elongated in the direction 
of its axis AX or it nmy be depressed. 

NoTK 166, pp. 106, 186. --jfl rAMiMUdrM is a aoUd contained by six 
plane sorfaces, as in fig. 63, the opposite planes being equal and similar 
rhombs parallel to one another ; but all the planes are not necessarily 
equal or similar, nor are ita angles right angles. In carbonate of lime the 
angle C ABis 105O-S5, and the angle B orC is 75O-05f 

Nora 167, p. 10^.-— Sublimation. Bodies raised Into vapor which It 
again condensed into a solid state. 

NoTC 168, p. 109.-- The surfbee of a 
column of water, or spirit of wine. In a 
cai>iUary tube, is hollow; and Uiat of a 
coliMBn of qnicksilTer li convex, or round- 
ed, as in fig. 41. 

27 
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Note lOB, p. 109.— /iiver«« ratM, ire. The elevation of the liquid is 
greater in proportion ae the internal diameter of the tube la less. 

Nora 170, p. 110.— -In fig. 41, the line id shows the direction of the 
resaiting force in the two cases. 

NoTB 171, p. 110.— When two plates o€ class are brought near to one 
another in water, the liquid rises between them ; and if the plates touch 
each other at one of thdr upright edges, the outline of the water will be- 
B a hyperbfda. 



NoTB 173, p. 111.— Let A A', filM^ be two plates, boOi of which are 
wet, and B B i two that are dry. When partly immersed in a liquid, its 



Fig. 42. 




snr&ce will be curved close to tliem, but will be of its usual level for the 
rest of the distance. At such a distance, they will neither attract nor 
repel one another. But as soon as they are brought near enough to have 
the whole of the liquid surface between them curved, as in a a , b A', tbey 
will nnh together. If one be wet and another diy, as C C, they will 
repel one another at a certain distance ; but as soon as they are brought 
very near, they will rush together, as in the formor cases. 

NoTB 173, p. 198.— Latent heat. There is a certain quantity of heat 
in all bodies, which cannot be detected by the thermometer, but which 
may become sensible by compression. 

NoTK 174, p. 131.— R^lMted toavee. A series of waves of light, sound. 
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or wftter, dlTeige in all direetloui firom tbeir origin I, flf . 43, as fton a 
eenter. When they meet with an otwiacie 8 S, they atrike egainst it, 
and are reflected or turned back by it in the same form, as if they hnd 
proceeded from the center C, at an equal distance on the other side of 
the surface SS. 

NoTK 175« p. i3i.-^Eaip»ie4tl •keU. If fig. ff be a section of an eilip- 
ticai slielU then att sounds coming from the focus 8 to difforent points 
on the surface, as m, are reflected back to F. because the angle T» 8 
is equal to f inF: IiTa spheric&l hollow shell, a sound diverging from 
the center is reflected back to the center again. 

NoTB 176, p. 136. Fig. 44 represents moMcal strings in Tifaiation ; the 
' Fig. 44. 




straight lines are the strings when at rest. The firrt figure of the four 
would give the fundamental note, as, for example, the low C. l*he 
second and third figures would give the first and second harmonics ; that 
is, the octave and the 13th above C, nun being the poinu of rest ; the 
Ibnrth figure shows the real motion when compounded of all three. 

NoTB 177, p. 137. Fig. 45 represents sections of an open and of a shut 
pipe, and of a pipe open at one end. When sounded, the air sponta- 
neomly divides itself into segments. . It remains at rest in the divisions 

Fig.4& 



3 



or nodes nn'^but^ but vibrates between them in the directk>n of the 
arrow-heads. The undulations of the whole column of air give the 
fundamental note, while the vibrations of tbe 'divisions give the har- 
monics. 

NoTB 178, p. 139. Fig. 1, plate 1, shows the vibrating sorfhce when 
the sand divides it into squares, and fig. 3 represents tbe same when the 
nodal lines divide it into triangles. The portions marked a a are in 
4i0n«nt states of vibratton from those marked b *. 
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Hon imp. 14a Flalef lmii«B0oiiialBftftnraraiteAd'Bf|««k 
Tto wMte lloM an the Ibraw Mmmwd hgr tiie laBd, fWn dUbMnt modM 
or irlbnlkm, conwpoBdiac to muical nolM of dtflamt itagrtw of pitch. 
PtaM 3 eontalii* ilz of Chlailid*t circoter flfoiw. 

NoTS 180, p. 140. Mr. Wheatrtone's princlpto iM, dutt when Tibnr 
Horn prodociiil the fonM of Hkb. 1 A&d 8. plate 3, are Uftltetf la the eame 
wrfhee, ther make the mmI aerame the form offlg. S. In the mbm 
maoBer, the vibratloiia which woald ieparateljr cauee the eand to tal» 
~ Btofflgs. 4aBd5, wooldnialteitaMUiBe Aefortnof fl|. 6 when 
The llgore reralta nmn the modes of ▼ibratlon of 7 and 8 
The pam marked a a aiejn different atatea oi yibration from . 
^oae marked hb. Flgi. 1, 2, and 3, plate 4, represent forms which the 
sand takes In eonseqoenoe of simple modes oi* viliration ; 4 and 5 are 
those^ adslBff firom two combined modes of vibration ; and the last six 
Hfonm arise from four superimposed simple modes of vibration. These 
complicated figorea are determined by computation Independent of ezperl' 

NoTS 181, p. 140. -The Ions eroes-Iiq.e8 of flf . 46 ahow the. two qra- 
tema of nodal lines given by M. Savart's lamin«. 
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Vote 18S, p. 141.>-The short lines oil ilg. 46 show the pdtltkm of the 
nodal lines on the other sides of the same lamin«. 

Note 183, p. 141^— Fig. 47 gives the nodal lines on a cylbider, with the 
pnper rings that mark tin quiescent points. 

Fiff. 47. 



Nora 184, pp. 133, 148, \4&,-~R^JUeti«n and refrmetum. Let PC/, 



^.46. 




fig. 48, lie perpendicular to a sur- 
feceofglassorwa^r AB. When 
a ray of light, paming through the 
air, fklls on this surface In any di- 
rection IC, part of it is reflected 
in the direction CS, and the oth- 



er part is bent at C, and passes 
through the glass or water in the 
direction CR. IC is called the 



incident ray, and ICP the angle 
of incidence : CS is the reflected 
ray, and PCS the angle of reflec- 
tion : C R ts the reflracted ray, and 
/CR the angle of reOttction. The 
plane passing through 8 C and I C 
is the plane of reflection, and the 

Cane passing through IC and C R 
the plane of refiriction. In or- 
dlnaiy €aaea» C I, C0k O R, aremll 
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te t|i» nnt plMie. W« we the sviAm hy wmu of Hm nteetod U _ 
which would othorwiw be invMUe. Whaievvr Ite leflectiBg Mrfhee miijr 
be, and however obliqaely the light may fUl mKm ii, the anf le of lelleetlea 
it always equal to the aogie of incidenise. Thiu IC, V C. belBf rayi la- 
cident on the siuface at C, they will be reflected into C 8, C SP» ae thai 
the angle S C P will be equal to the angle I C P, an4 8' C P etmal tef O P. 
That is by no means the cese with the refmcied raya. The incident 
rays I C. l' C, are bent at C, toward Uie perpeodieulnr, in the dlraetie« 
C tt, C R' ; and the law of refraction is such, that the sine of the anghl 
ct incidence has a constant ratio to the sine of Uie angle of refraction ; 
that is to say, the number eipressing the length of I n, the sine of I C P, 
divided by the number exprewing the lencth of Sn, the sine of RC/, is 
the same for all the rays of light that can fall upon the surfoce of any one 
substance, and is called its Index of refraction. Though the index of re- 
firaetion be the same for vy one substance, it is not tlie same for all sub- 
stances. For water it is 1*336 ; for crown-glass it is 1*535 ; for flint-glass, 
1*6; tor diamond, 5^487; and for chromate of lend it is 3, which sub- 
Bttace has a higher refractive power than any other known. Light fell* 
Ing perpendiculariy on a surfnce>. passes through it without bdng refract- 
ed. If the light be now supposed to pass fh>m a dense Into a rare medium, 
as from glass or water into air, then RC, R' C, become the Incident rays ; 
and in this case Hm refracted rays, C I, C T are bent fiom the perpendic- 
ular instead of toward it. When the incidence is very oblique, as rC, 
the light never passes Into the air at all, but It is totaUy reflected in the 
direction Cr', so that the angles Cr is equal to jiCr': that frequently 
happens at the second surface of glass. When a ray I C falls from air 
upon a piece of glass A B, it is in general refracted at each surface. At 
C it is bent toward the perpendienlar, and at R ftom it, and the ray 
emerges parallel to IC ; but when the ray is very oblique to the second 
surfbce, it is totally reflected. An object seen hy total reflection is nearly 
as vivid as when seen by dliect vision, because no part of the light is rt* 
fhicted. 

NoT^ieS. p. Ua.'^^tmupHerie nfifutiitm. Let « », a », te., flg. 49. be 
■Irata, or entramely thin layen, of theatmospbeie, which incseaae in den- 



Pig^4». 




slty toward «», the surfiice of the earth. A ray coming from a star 
meeting the surface of the atmosphere at S, would be rerraeted at the 
surftce of each layer, and would consequendy move in the curved line 
8 V V e A ; and as an object is seen in the direction of the ray that meets 
the eye, the star, which really is in the direction AS, would leem to i^ 
Nn 
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penon at A to be in «. 80 that reftactloii, which always acts ia a verti' 
eal diraedon, raises objects above their true place. For tijat reason, a 
body at 8', below the borlzon H A O, woold be raised, and woald be seen 
hi «'. The sun is frequently visible by refraction after be is set, or before 
• be is risen. There Is no rcifraction In the zenith at Z. It increases all 
the way to the horizon, where it is greatest, the variation being propor- 
tional to the tangent of the angles ZAS, ZA8', the distances of the 
bodies S S' fhim the aenith. The more obliquely the rays foil the greater 
the refraction. 

Note IM, p. 149.— i?ra4««jr'# method of naeerUining the amovMt of re- 
fraction. Let Z, fig. SO, be. the zenith or point immediately above an 
Fig. SO. 



2 




/- 


"^ 



Observer at A ; let HO be his horizon, and P the pole of the equinoctial 
A a. Hence P A U is a right anxle. A star as near to the pole as a 
would appear to revolve about U, in consequence of the rotation of the 
earth. At aoon, for example, it would be at « above the pole, and at 
midnight it would be in «' below it. The sum of the true zenith 
distances Z A «, Z A «Ms equal to twice the angle ZAP. Again, S and 
8' being the sun at his greatest distances from the equinoctial A Q, when 
in the solstices, the sum of his true zenith distances, Z A S, Z A S', is 
equal to twice the angle Z A Q. Consequently, the four true zenith 
distances, when added together, are equal to twice the right angle a A P; 
that is, they are equal to 18QP. But the observed or apparent zenith 
distances are less than the true, on account of refraction ; therefore the 
sum of the four apparent zeaith distances is less than I8QO by the whole 
amount of the four refractions. 

NoTK 187, p. IM.—Torrestrial refraction. Let C, fig. 51, be the 
center of the earth, A an observer at iu surface, A H his horizon, and 
B some distant point, as the top of a hill. Let the arc B A be the path 
of a ray coming from B to A ; E B, E A, tangents to its exoremities; 
and A 6, B F, perpendicular to C B. However high the hill B may be, 
it is nothing when compared with C A, the radius of the earth ; conse- 

3uently, A B A\SSbn so little ttaai A D that the angles A E B and 
L C B are supplementary to one another; that is, the two talcen to|Eether 
are equal to I8OO. A C B is called the horizontal angle. Now BAH 
is the real height of B, and E A H its apparent height ; hence refraction 
raises the object B, by the angle E A B, above ita real place., Again, 
the real depression of A, when viewed from B, is F B A, whereas 
its spparent depression isFBE,8oEBAis due to refhiction. The 
ai^le F B A is equal to the sum of the angles BAH and A C B ; that 
is, the |r|ie elevation is equal to the true depression and the horizontal 
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angla. But the true elevation is equal to the apparent elevation dimin- 
iflbed by the refraetion ; and the true depreasion is equal to the ap- 
parent deprefldon increased by refraction. Hence twice the refractioa 
is equal to the horizontal angle augmented by the difference between the 
apparent elevation and the apparent depree^ion. 

Note 188, p. 151. Fig. S8 repiesents the phenomenon in question. 8 P 
la the real sfdp, with its inverted and direct images seen in the ahr. 




Were there no refraction, the rays would come ftora the ship S P to the 
eye £ in thedireetion of thte straight lines ; but, on account of the variable 
density of the inferior strata of the atmosphere, the rays are bent in the 
curved lines PeE, PiE, SmE, SnE. fiince an object is seen in the 
direction of tlie tangent to that point of tlie ray which meets the eye, 
the point P of the real ship is seen at p and p\ and the point S seems to 
be in « and s' ; and as all the other points are transferred in the same 
manner, direct and inverted images of the ship are formed hi the air 
above it 
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NoTi 180, p. 151. Fig. S3 reprewnti the / 
■eetkm of a poker, With the lefmetioii pro- / 
dneed by the hot air ■urroundioc it. 




J?OK»* 



Nora 190, p. 153.— 7%« mUw speetrum. A ray from the son at 8, flf. 
Ht admitted fato a dark room thiangh a small round hole H in a window- 




■gutter, proceeds in a straight line to a screen D, on which it forms a 
bright circular spot of white light of neariy the same diameter with the 
hole H. But when the refracting angle B A C of a glass prism is inter- 
posed, so that the sunbeam falls on A C the first surfhce of the prism, and 
emerges from ihe second surfhce A Bat equal angles, it causes the rays 
to deviate from the straight path S D, and bends them to the screen H N, 
where they form a colored image VR of the sua, of the same breadth 
with the diameter of the hole H, but much longer. The space V E coa- 
ijste of seven colors,— violet, indigo, blue, green, yellow, orange, and red. 
The vloietand red,, being the most and less refrangible rays, are at the 
extremities, and the green occupy the middle part at G . The angle D ^ 6 
is called the mean demotion, and the spreading of the colored rays over 
the angle V ^ R the ^persion. The deviation and dispersion vary with 
die refracting angle B A Cof the prism, and with the substance of which 
it is made. 

NoTK 191, p. 1S9 Under the same clrcumstwccp, and wheie the »- 
fractang angles of the two prisma are equal, th« angle* D^O and V# 9, 
fig. 54, are greater for flint-glass than for crown-glajis. But as they vary 
with the angle of the prism, it is only necessary to augment the refracting 
angle of the crown-glass prism hy a certain quantptr, to produce neariy 
the same deviation and dispersion with the qi^t-glftss prism. HenoOk 
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vheQ Um two prisBU vf ptaeed viA thoir ifftMtiBff u|^ ki tppi ii ta 

directiona, m in fif. H llwy nearly neutrmllu m^k odMr'a eflkeis, mad 
refract a beam of light without lewlving it into ite elenMnlaiy colored 
rayi. Sir David Brewster h«s conae to the coQelveieii, that there may bo 
refraction without color by means of two Mism^ or two lensea, when 
propefly a4J^sted, even though they be maM of the same kind of gia«. 



Kg. Si. 



Not* 19S» p, Un.~Tbe ob^eet-^am ef the ac h wiatfr. 
telempe oonsiett of a convex leaf A B, Og. SS, of crown-glaflB, 
placed on t^e ontfllde lowvd the ol^t, and of a 
90|ivfz Ifna C Q of iinH^Aff placed towaid the e; 
focal length of a lens is the distance of iu center 
p(^t in which the nys converge, as F, fig. 00. If, the^. the I 
lenses A Band CD be so coBStmcted that their focal lengtbe | 
are in the same proportion as their dispei#ve powers, qiey 
wiU refract rays of light wUhont color. 



NoTS 103, p. les.— When a i«a1 



T«^=y— jf 


t 


B — ^^-^ 


\ 




colored gl 
a card, or 



W, fig. 56, enters a dark room bv two small sills Oa in 
ee of tin, they produce alternai^ hrfghl and black bands on 
N n2 
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Fig, SB. 




a Mnm BS' at a Ilttl« dlitanee. Whea either one or other of the sliti 
O or O' is stopped, the dark bands vanish, and the screen is illuminated 
by a uBlform light, proving that the dark bands are inroduced by the in- 
t^erence of the two seta of rajrs. Again, let H m, fig. 57, be a beam of 
white light paasing through a hold at H, made with a fine needle in a 
jAeee of lead or a card, and received on a screen 8 S'. When a hair, or 
a small stip of card hk' about the 30th of ai^ inch hi breadth, is held in 
the beam, the lays bend round on each side of it, and, arriving at the 
screen in dlflferent states of vibration, interfere and form a series of co- 
lored fringes on each side of a central white band m. When a piece of 
card is interposed at C, so as to intercept the light which passes on one 
aide of the hair, the colored fringes vanish, when homogeneous light 
ia used, the fringes are broadest m red, and beeome narrower for each 
color of the spectrum pragreaalvely to the violet, which gives the nar- 
rowest and most crowded fringes. These very elegant experiments are 
due to Dr. Thomas Young. 

Note 194, pp. 185, 191.— Fig. 58 shows Newtoa*s linga, if which there 
are seven, formed by screwing two lenses of 
glaas together. Provided the incident light be 
white, they always succeed each other in the 
following order : 

lat ring, or first order of colors : Black, veiy 
fldnt blue, brilliant white, yellow, orange, red. 

2d ring: Dark purple, or rather violet, blue, 
a very imperfect yellow green, vivid yellow, 
crimson red. 

3d ring : Purple, blue, rich grass green, fine 
yellow, pink, crimson. 

4th ring : Dull bluish green, pale yellowiiih pink, red. 

5th ring : Pale bluish green, white, pink. 

8th ring : Pale blue-green, pale pink. . 

7th ring : Very^iale bluish green, very pale pink. 

Alter the seventh order, the colors become too faint to be oistingulshed. 
The rings decrease in breadth, and the colors become more crowded to- 
gether, as they recede from the center. When the light is homogeneous, 
the rings are broadest in the red, and decrease in breadth with every 
successive color of the spectrum to the violet. 

Non 195, p. 168.— The absolute ev^ 59 
thickness of the film of air between ^' 
the glaases is found as follows :— "Let 
AF&C, fig. 59, be the section of a 
lens lying on a plane surface ox plate 
of glass PF, seen edgewise, and let 
EC be the diameter of the sphere of 
which the lens Is a segment.' If A B 
be the diameter of any one of Newton's 
rings, and B D parallel to C E, then B 
D or CF is the thickness of the air 
producing it. £ C is a known quanti- 
ty, and when AB the diameter is 
measured with compasses, B D or F C 
can be computed. Newton found that „ 
the length of B D corresponding to the '^'~ 
darkest part of the first ring, is the 
Se,000th part of an inch when the rays fall perpendicularly on the lens, 
and from this he deduced the thickness corresponding to each color in the 
svstem of rings. By passing each color of theeolar spectrum hi succee- 
sloB over the lenses, Newton also determiifea the thickness of the film 
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of olir correapondliig to each color, from the biesdtli of the ringi, whkh 
are always of the name color with the homogeneoos ligbtl 

NoTX 196, p. 168.— The focal length or diitance ^* 

of a lens U )he distance from its cealer to the point 
F. fie. 60, in which the refracted rays meet. Let 
L LHm a iens of ytry short focal distance fixed in 
the window-shutter of a dark room. A sunbeam 
8 L L', passing through the lens, will be brought 
to a focos in F, whence it will diverge in lines 
FC, PD,and wiU form a circular image of light 
on the opposite wall. Suppose a sheet of lead, 
having a small pin-hole pierced through it, to be 
placed in this beam ; when the pin-hole is viewed 
from behind with a lens at E, It is surrounded with 
a series of colored rings, which vary in appear- 
ance with tfie relative positions of the pin-hole 
and eye with regard to the point F. When the 
hole is the 30th of an inch in diameter and at the 
distance of 6i feet from F, wlien viewed at the 
distance of 34 inches, there are seven rings of the 
following colors:— 

1st order: White, pale yellow, yellow, orange, 
dull red. 

3d order : Violet, blue, whitish, greenish yellow, 
fine yellow, orange red. 

3d order: Purple, indigo, blue, greenish blue, 
brilliant green, yellow green, red. 

4th orcter : Good green, bluish white, red. 

5th order: Dull green, faint bluish white, faint 
red. 

6lh order: Very faint green, very fU^t red. 

7th order: A trace of green and red. 



NoTB 197. p. 168.— Let LU, fig. 61, 
be the section of a lens placed in a 
window-shutter, through which a very 
small beamof light 8 L L' passes mto 
a dark room, and cbmes to a focus in F. 
If the edge of a knife KN be held in 
the beam, the rays bend away from it 
in hvpeibolic curves Kr, Kr^, Ju. in- 
stead of coming directly to the screen 
in the straight line K E, which is the 
boundary of the shadow. As these 
bendhig rnys arr.ve at the screen in dif- 
ferent states of undulation, they inter- 
fere, and form aseries of colored fringes, 
rri» he. along the edge of the shadow 
K E S N of the knife. The frlngesTary 
in breadth with the relative distances 
of the knife-edge and screen from F. 
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SB is tin surftM, ud I the e«iil«r of lucWbot wayeiL The reaected 
w»TW tPB the dftrk llaes Petuntlng toward I, which are the nme as if 
they had oKiginated in O OB the oCherMde of the titrfaee. 

NoTB 100, p. 173. Fig. tS represnli a priraiatie eryital of tomma- 
line, whoM axis fai A X. The sUcea that are OMd for polailziag l%ht are 
cut parallel tQ AX. 

Pig. <B. Fig, 63. 




NoTB 900, p. \1^.—lhnibU ref^aetim. If a pencil of light, Kr, iig. 63, 
falls upon a rhombohedron of Iceland spar, A B X C, it is separated into 
two equal pencils of light at r, which are reftacted in the directions rO, 
rB: when these arrive at O and E they are again refracted, and pass 
into the air in the directions O o, Eo, parallel, to one another and to Hm 
incident ray R r. The ray r O is refracted according to the ordinaiy law, 
which is, that the sines of the ancles of incidence and r^Vactien bear a 
constant ratio to one another (seel^ote 184), and. the rays Rr, rO, Oo 
ore all bi the same plane. The pencil rE, on the contrary, is bent aside 
out of that plane, and its refraction does not follow the constant ratio 
of the sines; rE is. therefore called the extraordinary ray, and rO the 
ordinary ray. In conseiquence of this bisection of the tight, a spot of ink at 
O is seen double at O and E, when viewed from r ; i^d when the crystal 
is tnmed found, the image E revolves about O, which remains stationary. 

Not* 901, p. 176. Both of the parallel rays 0« and Bo, fig. 63, are 
polarized on leaving the doubly refracting crystal, and in bpth the parti- 
cles of light make their vibrations at right angles to the lines Oo E«. 
In the one, however, these vibrations lie, for exam(de, In die plane of the 
horizon, while the vibrations of the other lie in the vertical plane per- 
pendicular to the horizon. ~ 

KoTi 303, p. 177. If light be made to fall in various directions on the 
lUktural faces of a crystal of Iceland spar, oar on fkces cut and polished 
artificially, one direction, AX, fig. 63, will be found, along which the 
light passes without being separated into two pencils. A X is the optic 
axis. In some sulistances ^here are two optic axes forming an angle with 
each other. The optic axis is not a fixed line, it only has a fixed direc- 
tion ; for if a crystal of Iceland spar be divided into smaller crystals, each 
will have its optic ^xis ; but if all these pieces be put together u^n, their 
optic axes will be parallel to A X. Every line, therefore, within the 
crystal paraAel to A X is an optic axis ; but as these lines have all the 
same direction, the crystal is still said to have but one optic axis. 

NoTK 903, p. 17B. If I C, fig. 48, be the incident and CS the reflected 
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IMyt, then the particles of polarised light make their Tlbrationfl at right 
angles to the plane of the paper. 

Note d04, p. 178. Let A B, fig. 48, be the surface of the reflector. I C 
the incident, and C S the reflected mys ; then, when the angle S C B is 
570, and couseqaently the angle PCS equal to 330, the black spot will 
be seen at C by an eye at S. 

Note 906, p. 179. Let A B, fig. 48, be a reflecting surface. I C the inci- 
dent, and C S the reflected rays; then, if the surfhee be plate-glaaa, the 
angle S C B must be 57°, in order that C S may be polarised. If the sur- 
face be crown-glass or water, the angle 8 C B must be SUP 55' for the flrst, 
and 53P ir fbr the second, in order to give a pplariaed ray. 

NoTK 208, p. 180. A polarizing apparatus is represented in fig. 64, 
where R r Is a ray of light falling on a piece ef glass r at an angle of 570, 



^.64. 



.^^ 



k 



% 



J/ 



the reflected ray r « is then polarized, and may be viewed through a piece 
of tourmaline in «, or it may be received on another plate of glass, B, 
whose surface is at right angles to the surface of r. The ray r « is again 
reflected in «, and comes to the eye in the directhm s E. The plate of 
mica, M I, or of any jubilance that is to bo examined, is (Aaced between 
the points r and «. 

Note 907, p. 183. In order to see these figures, the polarized ray rs, 
flg. 64, must pass throjigh the optic axis of the crystal, which must be 
held as near as poMihle to « on <me side, and the eye placed as near 
as possible to • on the other. Fig. 65 shows the image formed by a 
crystal of Iceland spar which has one opric axis. The colors in the 
rings are exactly the same with those of Newton*s rings given In Note 
194, and the cross Is black. If the spar be turned round its axis, the 
rings suffer no change ; but if the tourmaline through which it is viewed, 
or the plate of glass B, be turned round, this figure will be seen at the 
angles (F, 900, 180P, and 970^ of its revolution. But in the intermediate 
points, that is^ at the angles 45P, 13SP, 29SO, and 315P, another system 
will appear, such as is represented in ^. 66, where all the colors of the 



J^r^ft5- 



Fig.^ 
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rings are comptomentery to those of fig. 65, and the croiM is white. The 
two ssratems of rings, if saperpoeed, woald produce white light 

NoTK 906, p. 182. Saltpetre, or nitre, crystalizes in six-sided prisms 
having two optic axes iaclli^d to one another at an angle of 5P. . A slice 



Fiff. 67. 




JV^..68. 




of this substance about the 6th or 8tti of an inch thick, cut perpendica- 
iarly to the axis of the prism, and placed very near to «, fig. 64, so that 
the polarized ray r« mfl^ pass through it, exhibits the system of rings 
represented in fig. 67, where the points C and C mark the positk>n n( the 
optic axes. When the piate B, fig. 64, ip turned round, the image 
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ehfknges successiTely to tho8€ given in fin. 68, 60, and 70. The eolora 
of the rings are the same with those of thin plates, but they vary with 
the thiekneas of the nitre. Their breadth enlarges or diminishes also 
with the color, when hom<^eneous light is aa^. 

Note 909, p. 183. Fig. 71 represents the ap- Fit. 71 , 

pearanee produced by placing a slice of roclE 

crystal in the polarized ray r», fig. 64. The 
uniform color in the interior of the image de- 
pends upon the thickness of ihe slice; but 
whatever that color may be, it will alternately 
attain a maximum brightness and vanish with 
the revolution of the glass B. R may be ob- 
served, that the two kinds of quartz, or rock 
crjrstal, mentioned in the text, are combined in 
the amethyst, which consists of alternate layers 
of right-handed and left-banded quartz, whose 
planes are parallel to the axis of the crystal. 

NoTK SIO, p. 187. Suppose the mstjor axis A P of an ellipse, fig. 18, to 
be invariable, but the eccentricity C S continually to diminish, th^ 
ellipse would bulge more and more ; and wheit C S vanished, it would 
become a circle whose diameter is A P. Again, if the eccentricity were 
continually to increase, the ellipse would be more and more flattened till 
C 8 was equal to C P, when it would become a straight line A P. The 
circle and straight line are therefore the limits of the ellipse. 

NoTB Sll, p. 187.— The colored rings are produced by the interference 
of two polarized rays in different states of undulation, <m the principle 
explained for common light. 

Note SIS^ p. 217.— If heat from a non-luminous source be polarized by 
reflection or refraction at r, fig. 64, the polarized ray r« will be stopped 
or transmitted by a plate of mica M I under the same circumstances that 
it would stop or transmit the light ; and if heat were visible, images anal- 
ogous to those of figs. 65, 67, Au^.^would be seen at the point s. 

NoTS 213, p. 219.— The Rev. John Buchanan, of Charleston, South 
Carolina, has recently shown, by ingenious experiments, that the vulture 
is directed to his prey by the sense of sight alone. 

NoTB 214, p. 267.— The class Cryptogamia contains the ferns, mosses, 
funguses, and sea-weeds : in all of wMch the parts of the flowers are 
either little known or too minute to be evident. 

NoTB 21.5, p. fXO.—ZoopkiUt are the animals which form madrepores, 
corals, spongee, Ate. 

NoTB 216, p. 909.— The Saurian tribes are creatures of the lizard or 
crocodile kind. Some of those found in a fossil state are of enormous size. 

P 

NoTB 217, p. 315.— When a stream [l, Fig, 72. 

of positive electricity descends from P 
to n, fig. 72, in a vertical wire at right 
angles to the plane of the horizontal 1 

cfarcie A B, the ncfative electricity as- 
cends from n to P, and the force ex- 
eried by the current makes the north 
pole of a magnet revolve about the ' 
wife in tlie direction of the arrow- 
heads in tlie circumference, and 
makes the south pole revolve in the 
opposite direction. When the current 
of positive electricity flows .upward 
ftom n to P, these efiects are reversed. 



BX- ^^-^ ^-^ 
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Not«S18k|i.n«.-*FiC. 
73 fe pi MMi ti a helix 



eoU of «opperwlre, lennl* 
wm.tbd b|r two eopt con* 
tiiining a little qvkluUver. 
When the podiiye wire 
of a Voltaic battery is im- 
mened la the cup *, an4 
the BesativDvWire m the 
cup «, the etacuit is com- 
pleted. The quicksilver 
Insures the eoaaecttoo betweca die battery aad the helix, by coaTeyinf 
the electricity fVom the one to the other. While the elecori^ity flows 
through the helix, the Ai^tnet S N leinafais suspended within it, but fUls 
down the Mmnent it ceases. Ttie magnet always turns Its south pole B 
toward r tlM posiave wise of the batleqr, and ill north pate toward the 



NOTB Slft» p. S19.— A topper wka coiled in the A>rm r p pre s B le d In fig. 
7S, is an dectro'dynaayc cylinder. When its extrsmilies P and n are 
connecled with the yumvu and negative poles of a Voltaic battery, it be- 
couMB a perfect ningnet during the time that a current of electrtcity is 
flowlBg through it, P and a being its north and south pelea. There are 
m varied of forms of this apparatus. 

Non 890, p. 3».-~fe ilg. 14 the hyperbola HPT^ th« ptlvbola > PR, 
- ... -IP, aad«- "■ 



and the elUpse AEPL, have the seme focal difetanc« SI 

througli a small space on each sld<> of the psrihelioa P; and as a eomac 

to only visible when near P, It is dUBcult to asceltalB whteh Ot the throe 

iHHDTWla. _ _ 




NoTB 9St, p. 343.— In fig. 75, E A represents the oiUt of Bailey's 
comet, BT the ortiit of the earth, and 8 the son. The prop or tions are 
very nearly exact. 




itm 



NoTB as. p. 900.— ng. 74 represents the curves In queeUbn. 
evident that for the same focal distance 8P, Iheie ean be but one clh 
and OM paiaboia^ PB, but that there may be an hifinity of cUipsee be 
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tween the clrde mad the parabola, and an Infinity of hjrperbolaa H P Y 
exterior to the parabola pFR. 

Note 3S3, p. 371.— Let A B, fig. 96, be the diameter of the earth'f orbit, 
and suppose a «tar to be eeen in the direction A 8' fhmi the earth when 
at A. Six months aAerward, the earth having moved throofh half of 
its orbit, would arrive at B, and then the star would appear in the direc- 
tion B 8', if the diameter A B, as seen ftom S', had any sensible magni- 
tude. But A B, which is 190,000,000 of mUes, does not appear to be 
greater than the thickness <^ a spider's thread, as seen from 61 Cygnl, sup- 
posed to be the nearest of the fixed stars. 

NoTB 934, p. 373.— The mass Is found In the manner explained in Note 
1-33 ; but the method of computing ttie distance of the star may be made 
more clear by what follows. Though the orbit of the satellite star is 
really and apparently elliptical, let it be represented by C D O, fig. 14, for 
the sake of iilnstration, the earth being in d. It is clear that« when the 
star moves through C D O, its light will take longer in coming to the earth 
from O than from G, by the whole time it employs in passlngJhrough 
O C, the breadth of its orbit. When that thne is known by observaUon, 
reduced to seconds, and multiplied by 100,000, which is the number of 
miles light darts through in a second, the prod A will be the breadth of 



the OTbit in miles. From this the dimensions of the ellipse will be ob- 
tained by the aid of observation, the length nnd position of any divneter, 
ubBp, may be found ; and as all the angles of the triangle d 8^ can be 
determined by observation, the dtotance of the star from the earth may 
be computed. 

NoTB 925, p. 376.— One of die globular clusters mentioned in the text 
is represented in fig. 1, plate 5. The stars are gradually condensed to- 
ward tbe center, where they ran together into a blaze somewhat like a 
nowball. Tbe more condensed part is protected on a ground of irregu- 
larly-scattered stars, which fills the whole field of the telescope. There 
are few stars in the neighborhood of this duster. 

NoTi 996, p. 378.— Fig. 9, plate 5, represents one of those enwmoos 
rings hi its oblique position. It has a dark space In tbe center, with a 
small star at each extremity. 

Note 9S7, p. 378.— Fig. 3, plate S, may convey some idea of the ring 
in the ooosteliation of the Lyre mentioned in the text. 

Note 998,' p. 378.— This most wonderful object has the appearance of 
fig. 4, plate 5. The southern head is denser than the northern. The 
light of this object is perfectly milky. There are one or two stars in it. 

Note 999, p. 378.— Fig. S, plate 5, represents this brother system. 

Note 930, p. 370.— Fig. 6, plate 5, reiHresents one of the spindle-shaped 
nebnle. 

Note 931, p. XS.—EUmfatian. The apparent angular distance of an 
object from the center of the sun. 

28 Oo - 
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Abkeration ofllght, 3a Note 9a 

AbMrpcion oTiolar llfht by the at- 
mosphere, 152. 

of light by colored noedla, ISS. 

not inoonilsteQt with the unda- 

latory theory, 171. 
Acceleratioi in the mean moCkm of 
the moon, 36. 

of £ncke*8 comet, 348. 

of Biela*8 comet, 347. 

Accidental colon, 158. 

Achromatic telesGope,150. Note 198. 

Action AndreftcUon, 5. Note 19. 

of light on the reUnai ITS. 

Adhesion of giast plates, 101. 

Affinity, chemical, 103. 

Air, atOKMpheric analysis of. 111.' 

Airy, Professor, his determination of 
the inequality of the earth and 
Venus, S5. Hisexperimisntsonthe 
motion of polarised light through 
quartz, 186. 

Alge, or sea-weeds, their distiiba- 
tion, 967. 

Algol, a Tariable star, 364. 

Alhaxen, the Baraeea, observed the 
effectt of refraction, 150. 

Altitude, the height of a celestial 
body above the horiaoo, 148. 

Ampere, M., his theray of electro- 
dynamics, 319. 

Analogy between a stretched cord 
and the interference of light, 188. 

between the dUierent rays of 

the solar spectrum, saO. 

between light, heat, and sound, 

330. 

Analysis 3. Note 3. 

Analytical formule, 101. Note 158. 

Analyzing plate, a piece of glass, or 
a slice or a crystal used for exam- 
ining' the properties of polarized 
light, 180. 

Ancient chronology, 83. 

Angle of positioa of a double star, 

Angular motion of the earth, 86. 

Note 153. 
' — velocity, 61, 86. Notes 80, 138, 
158. 

P 



Angular motions of the flnlt three of 

Jnpiter*s satellites, 38. Note 89. 
Animal electricity, 399. 
Animals, distribution of, 309. 

Annual equation, 34. 

Anomaly, mean, 37. Note 106. 

Aphelion,' 16. Note 65. 

Apsides, 9, 16. Notes 49, 66. 

, motion of, 15. Note 67. 

Arabian science, 34, 37, 85. 

Arago, M., his experiments <» pola- 
rized light, 187, 191. His observa- 
tions on the temperature of the 
earth and the air above ft, 359. Bis 
discovery of electricity ftom rota- 
tion, 335. His Treatise on Comets, 
347. On theprobability of the earth 
being struck by a comet, ib. He 
proves that comeu shine by re- 
flected light, 359. His estimate of 
the number of ccmetB, 360. 

Are of the meridian, 46. Notes 134, 
13&. 

Arcs a measure of time, 30. Note 76. 

Areas proportional to the time, 8. 
Neto41. 

Armature, a piece of soft iron con- 
necting the poles of a luNrse-shoe 
magnet, 384. 

Artesian welU. 843. 

Assyrians made use of the week of 
seven days, 80. 

Astronomical tables, 57. 

, data for, 57. 

eras, 81. Note 147. 

Astrouinny, physical, 3. 

r— of the Chinese and Indians, 83. 

Atmosphete, analysis, and pressure 
of, 113. 

, th« law of its density, 113. 

■^ the eflbct of heat on, 113. 
-, the extent of, 113. 
-, osciUalions of, 115. 

of the moon awl planets, 338. 

of the sun, 338. 

— ~ of comets, 351. 

Atomic weights, 108. 

Attractioaor a sphere and spheroid, 

of the earth and moen, 4. 

of the celestial bodies, 5. 

, universal, $. 
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Attncdom Mpillaiy, 100. 

, electrical, 875. 

, magnetic, 309. 

of electric curreato, 319. 

Aurora, 289. 

Axle, lunar, 64. 

, mi^ of planetary orbitt inva- 
riable, 19, 71. 

— — , connection of, Willi mean n 
tion, 19. 

Axis of rotation, 7, 61. Notes 34, 137. 

, principal, 71. Note 143. 

parallel to itself, 61, 74. 

of the piism, 173. Note 199. 

of a telescope, 31. 

ofacone, 5. Note 98. 

, optic, 163. Note 903. 

of the earth*a shadow, 39. 

B. 

Babbofe, Mr., his theoiy of volcaalc 
action, 949. 

Bacon, 31. 

BaclE, Capt., cold flttflbfed by, 941. 

Baillv, M., on the lunar tables of the 
Indians, 83. 

Bally, Mr. Francis, on the fomk of 
the earth, 49. 

Bartow, Mr., on teirestrial mafne- 
tisni,330. 

Barometer, 118. 

Barometrical measurements, 113. 

Base, trigonometrical, '40. Note 
185. 

Batoha, tides at, 93. 

Battery, Voltaic, 991. 

Becquerel, M., his experimeots and 
opinions of electrical phenomena, 
S79. His theory of atmospheric 
electricity, 381. His formation of 
crystals, 897. His thenno^ectric 
batteiy, 398. 

Bessel, Professor, his notice of the 
secular variatloa of the ecllptie,77. 

Biela, M., discovers a comet, 347. 

Binary systems of stars, 365. 

Bissextile, or leap-year, 80. 

Blot, M., his aseent In a balloon, 114. 
His experiments on sound, 131. On 
circular polarisation, 184. His 
theory of electrical light, S79. Of 
terrestrial magnetism, 330. On the 
disturbances of terrestrial mag^ 
netism, 338. His observations on 
the magnetic force during his 
aerostatic expedition, 334. 

Birds, their dispersion, 970. 

Bonnycastle, Capt., his account of a 



luminous appearance la the sea, 
388. 

Bonpiand, M., his botanical obsv- 
vations,366. 

Botto, Professor, his experiments on 
thermo-electricity, 338, 336. 

Bouguer, M., his mensuration of a 
degree of the meridian at the equa- 
tor, 47. 

Bradley, Dr., his discovery of nuta* 
tion, 76. His tables of refraction, 
149. He mentions the two stars 
afyVirginbi,367. 

Bralmifais employed the week of 
seven ^ys, 80. 

Brewster, Sir .David, his discovery 
of fluids in the cavities of mine- 
rals, 96. His analysis of solar 
light, 156. His law of the polar- 
izing angle, 179* His investiga- 
tion of the temperature of sprii^ps, 
353. His estimate of the tempera- 
ture of tlie poles of maximum cold, 
and of the poles of rotation, 360. On 
the parallelism of the isothermal 
=Bnd geothermai lines, tfr. HU ob- 
aervatloos on phosphorescence, 

Brinkley, Bishop^ his value of the 
mas9 of the moon, 55. 

Brown, Mr., his botany of Australia, 
966. 

Buchan, Dr., his account of a mi- 
rage, 153. 

Burnea, Mr., his accouat^of a volca- 
nic elevation, 348. 



Cesar, Julius, his Calendar, 80. 
Cagniard de la Tour, M., his inven- 

tion.of the Syren, 138. 
Callcott, Mrs., her account of the 

earthquake at Valparaiso, 348. 
Caloric the cause of heat, 996. 

, the radiation of, 307, 230. 

Calorific rays of the aolar spectrum, 

906. 

— hidependent of light, 306 et 

SSf. 

•—-r transmission of the, 308 *t Mtf. 
, reflection and absorption of the, 

313,330. 

— , reftaction of, 313. 

— , polarization of, 315. 
Calotype, 194. 
'"Etpillary attraction, 108. 

— of tubei, 106. Notes 16a 168. 
170. 
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Csplllftiy ftttraecian of platw, 111 et 

*eq. Notes 171, 1:3. 
Oenterofgmvit3r,4. Note 10. 
of the lolar tystem, ito motioB, 

7,33. Note 8S. 

of the univene, 83. 

Gentiifugal fbrae, 5, M. Notef 18, 

157. 

their obMnratknit of 



ecUpaee, 35, 37. 
Chemical r 



rayv of the eolar spec- 
tram, 907. *^ 

, traiumimioii of, S07. 

Chemical affinity, 103. 
Chinese sdeace, 83, 85. 
Chiadni, hi« experiments on vibra- 
_ ting plates, 140. Note 179. 
Christian era, 80. 
Chromatype, 106. 

Ctairaut, his oompaiation of the dis- 
turbances of Hailey's eomet, 343. 
Cleavage, 107. 
Climate, 353. 

^ stability of, 983. 

of the planets, 338. 

Climates, excessive, 961. 
Coal measures, their eariy 

tion, 70. 
Cobalt, a metal, its polarity, 805. 
Cohesion, 96 et »eq. 
Cohesive ftxee, the intensity of, 104. 
Cold at MelvUle Island, 341. 
Colladott, M., his experiments on 

sound under water, 199. 
Collision of a comet, 73, 347. 
Colored media, their aetiOQ 00 Uffat. 

155,160. ^ ^ 

— ■ fringes, 168, 168 et «m. 
Colon, prismatic, 154 «t «m. 

, accidental, 150. 

, complementanr, 160. 

of the stars, 374. 

Columbus discovers the variation of 

the compass, 305. His account of 

the Gulf-weed, 967. 
Coma Beienices, the constellation, 

nebulc in it, 374. 
Comet, Hailey's, 341. 

, Lexers. 34a 

, Encke's, 345; 

, acceleration of a, 345. 

, Biela or Oambart*s, 347. 

.shock of a, 348. 

-^ of the year 1680, 948. 
Comets, 337. 

^,orbiteof,S39,3S0. 

- — , fall of, te the sun, 350 
— -, masses of, 358. 
,laUsof;354. 



Comets, netwiosity of, 3S3, 356/ 

, light of, 3S7. 

■ ■•■ ■ , number of, 360. 
Compass. Bee Mariner's Compaai 
ComproMloVi, 4. Note 11. 

of a spheroid, 6. 

of the terrestrial spheroid, 38, 

48,49. Ndte31. 
-»->-ofJiu»iter,7,61. 

of a fluid mass in rotation, 38. 

Concentric hollov^ sphere, its attrac 

tkNi,4. Note& 

eUiptical strata, 44. Note 130. 

Cone, 5. Note 33. 

Cooflguration or nlative position of 

Jupiter and Saturn, 34. Note 85. 

—, of Jupiter's satelUtes, 37. Note 

88. 

of land and water, 338. 

Conic sections, 5. Note 33. 

Gonlunotion, 94. Note 83. 

1 contemporaDeous, of plaaeti^ 

Connection between the variations 

of the eccentricity and apMes, 

17. 
Conaeclion lietween the variations 

of the nodes and inclination, 19. 

Note 75. 
Convexity of the earth, 50. 
CoAidteates of a planet, 10. Note 

56. 
CosineandshwofaBaK,90. Note 

76. 

of latitude, 45. Note 183. 

Cook, Capt., the ol^ect of his first 

voyage, 58. 
Cordier, M., on the heat of die earth, 

943. 
Coulomb, his balance of tonlon, 

S7S. 

ummlng. Professor, his experi- 
ments on thermo-electricity and 

magnetic cnnents, 398. 
Cryptugamia, 367. Note 314. 
Crystalization, 105. 

^ the water of, 106. 

— • , elfecte of heat on, 106. 

Cube, 107. Notel63L 

Cubes of mean distances, 5i. Nold 

96. 
Cnnents in thit ooean, 94. 

— of electricity, 887 tt My., 314 

Curves of the second order; or conic 
sections, 5. Note 83. 

— of douUe curvatura aro lines 
curved in two directions, like a 
cork-screw or helix, 180. 
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Cyaaolype, 107. 

Cylinder or tube, Tibrstioii of, 147. 

, electro-dynamic, 319. Note 

SM. 



Daguerreotype, 1115 

Dalton, Dr., his laws of definite pn- 

pt^on, 102. His experimeius on 

evrnpomtion, S28. 
Damoiseau, M., his computation of 

the perturbations of Biela's comet, 

Daubuisson, M., on the temperature 
of mines. 24^ 

Dary, Sir Humphry, his opinion of 
electric light, 379. His decompo- 
sition of the earths and alkalies, 
fi86k His experiment! on the trans- 
mission of the electric fluid, 33S; 

Davy, Dr., his experiments on ani- 
mal electricity, 335. 

Day, the length pf, invariable, 73. 

, astronomical and sidereal, 81. 

Note 145. 

Declination, 83, 89. Note 154. 

, cosine of, 90. Note 154. 

DeOniie proportion, 108. 

of electricity, 103. 

Degrees, minutes, and seconds of 
aics, 9. Note 50. 

— of the meridian, mensuratton 
of, 46. 

Delambre, M., Us computations 
show that the length of the year 
has not been increased by the 
action of comets, 338. 

De la Rive, M., determines the tem- 
perature of an Artesian well, 844. 

De Laroche, M.,hi8 experiments on 
the transmission of caloric, 910. 

Density of bodies, 56. 

of the sun and planets, 56. 

of the ocean, 45, 48. 

of the earth, 73. 

Depth of the ocean, 50, 78, 86. 

Deviation of light. Note 191. 

Dew, the formation of, 221. 

Diameter, 3. Note 1. 

of the sun and earth, 55. 

of the moon, Jupiter, and Pal- 
las, 96, 51, 55. 

, apparent, of the snn and plan- 
ets, %, 55. Note 110. 



Dicotyledonous plants, 967. 
Difli-actlon of light, 168, 175. 

193, 196, 197. 
Dip, magnetic, 301. 



Notes 



it surliiee of a heav- 
enly body, 39. 

Dispersion of light, 158. Note 90. 

on the undiilatory theory, 19k 

Displacement of Jupiter's orbit and 
equator, 38. Note 90. 

Distance of the sun and planets, 53. 
Note 132. 

of the moon, 4, 33. Note 17. 

, perihelion, 10. Note 57. 

of the fixed stats, 54, 303. 

— ^ may he found from the multi- 

- pie systems, 370. 

, lunar, 37. 

^ inverse square of the, 5. Note 

23. 

- — .zenith, 83. Note 149. 

Disturbing force, 14. Note 63. 

of the sun, 34,78. Note 101. 

of the planets on the moon, 35. 

-~— of the moon on the earth, 74. 

— ^ of the mo(m on herself, 35. 

Division of time, 78. 

, decimal, 79. 

DoBbereiner, M., Ills experiments on 
the combustion of platina, 104. 

Dollond, Mr., his achromatic tele- 
scope, 150. 

Double refiraction, 175. Note 900. 

stars, 365. 

Dunlop, Mr., his catalogue of double 
stars, 368. 

Duperrey, Captain, his determina 
tion of the magnetic equator, 303. 

Dosejour, M., proves that a comet 
cannot remain long near the earth, 
338. 

Dynamics, the science of force and 
motion, 306. 



Earth, form of the, 5, 43. 
— — , from arcs, 45. 

, from pendulum, 47. 

^ from lunar theory, 30. 

, ftom precession and nutation, 

50. 

y ftom the mean of all, 49. 

, mean diameter, circumference, 

polar and equatorial radius of the, 

y density of the, 56, 73. 

, internal structure of the, 73L 

, central heat, and temperature 

of the, 67 et Meg., 841 et »eq. 

, magnetism of the, 300. 

, magnetic by induction, 330. 

, rotation of the. See Rotatioa. 
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Karthquakea, 248. 

, noise of, 132. 

Echoes, 132. 

Eclipses of the sun, 40. Note 114. 

of the moon, 39. ^ Note 109. 

of Jupiter's satellites, 29. Notes 

93, 94> 

of the planets, 41. 

Ecliptic, 8. 

, plane of, 10. 

— -, secular variation of, 19, 75, 77. 
Egyptians, their year and week,' 80. 
Elastic bodies, vibrations of, 135 et 

acq. See Vibration. 
Elaetinj^y of the atmosphere, 112 et 

geq. * 

of matter, 96. 

Electric'induction, 276. 
— ^ intensity, 277 et $eq. 

tension, 278. 

clouds, 281. 

currents, 291, 314, 319 et sea. 

and magnetic currents, 319 et 

teq, 

machines, 333. 

Eletctricity, common, 271. 

, effects of, 282, 286. 

-, sources of, 271, 280. 

, atmospheric, 281. 

, velocity of, 284. 

' , Voltaic, 290 et seq. 

, animal, 299. 

, thermal, 328. 

— r- by rotation, 32.5. 

producing rotation, 316. 

— — of metallic veins^ 332. 
-^— , magneto, 322. 

, identical with magnetism, 325. 

, identity of all the kinds* 336. 

Electrics and non-electrics, 271 et 

Electro-magnetism, 314. 

magnetic induction, 317, 318. 

— - magnets, 317. 

dynamic cylinders, 319. Note 

219. 

dynamics, 319. 

filemenu of the planetary orbits, 9, 
Note 57. 

. , how framded from observa- 
tion, 58. Note 135. 

Elemenu of parabolic orbits, 339. 

of stelUir orbits, 364. 

Ellipse, a conic section, 5. Note 34. 

, the limits of, 187. Note 210. 

Ellipsoid, oblate and prolate, 4. 
Note 9. 

of revolution, 44, Note 119. 

, terrestrial, 49. 

2^ 



Elliptical or true motion, 8. Note 

30. 
Encke, Professor, his determination 

of the orbil and motion of the 

comet named after him, 346. Of 

its acceleration, 346. And of the 

orbit of the star 70 Ophiuchi, 3iS7. 
Epoch, the, 10. 

, longitude of the, 10. 

Equation of the centre, 9, 34. Note 

48. 

of time, 78. 

Equator, 4. Note 11. 
Equilibrium, stable and unstable, 13. 

Note 60. 
Equinoctial, 9. Note 46. 
Equinoxes, 9. Note 46. 
Era, the Christian, 80. 
Eratosthenes 'measures a degree of 

the meridian between Syene and 

Alexandria, 48. 
Ether, its nature, 171. 
Ethereal medium, 21, 97, 171. 

^ temperature of, 2:19. 

, resistance of, 337. 

, vibrations of, 171, 193, 194. 

, elasticity of, 31. Note 99. 

Eudoxus describes the state of the 

heavens about the time of the 

Trojan war, 84. 
Evection, a lunar inequality, 34. 

Note 103. 
Eccentricity, 9. Note 52. 

— , secular variation of the, 17. 

— of the orbits of Jupiter's satel- 
lites, 27. 

of lunar orbit constant, 36. 

— of the terrestrial orbit diminish- 
ing, 19. 

— of the terrestrial orbit, its varia- 
tion the cause of the acceleration 
in the moon's mean motion, 37. 

Expansion of substances by heat, 

222. 
Extraordinary refraction, 150. 
- ray and image, 173. 

F. 

Fall of heavy bodies, 6, 49. 
•^ at the surface of the sun and 
planets, 56. 

Fall of meteorites, 381. 

Faraday, Dr., reduces Uie gases to a 
liquid state, 99. His causes of 
amnity, 103. His experiments on 
spontaneous combustion, ib. His 
theory of the aurora, 289. His 
views of electro-chemical decom- 
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poidtioD, 997. Hl« experimeuts 
on the transmission of electricity, 
-299. He produces rotatory motion 
by the electric force, 315. His 
experiments on magneto-electri- 
city, 322. He proves the identity 
of the electric and magnetic fluids, 
334. His explanation of electrici- 
ty evolved by rotation, 325. His 
classification of magnaric sub- 
'stances, 337. His experiments on 
the induction of terrestrial mag- 
netism, 332. He supposes rota- 
tion a cause of electric currents 
In the earth, 333. On the evolu- 
tton of electric currents, and iden- 
tity of the different kinds of elec- 
tricity, 336. 

Cave's comet, 341. 

njdler, Dr., liis fiilgorites, 283. 

J'ignre of the earih. See Earth. 

Fl aids, the undulations of, 93. Note 
156. 

, compression of, 99. 

, capillary attraction of, 111. 

Focal distance, 5. Note 2^ 

length of a lens. Note 196. 

Foci of an ellipse, 5. Note 22^ 

Forbes, Professor, his experiments 
on heat, polarization of, 216. On 
the heat of miMnlight, 239. His 
experiments during the annular 
eclipse of the sun, 158. 

Force, the unlcnown cause of mo- 
tion, 4 et passim. 

— — proportional to velocity, 8. Note 
37. 

, gravitating, 6. See Gravita- 
tion. 

, centriftigal, 5, 43. Notes 18, 

117. 

—— , molecular, 96. 

^ electric, 274. 

of lightning, 282. 

Forces which fix the nature of the 
conic sections in which the plan^ 
els and comets movelt 360. Note 
222. 

Foster, Capt, remarks on the clear^ 
ness with which sound is trans- 
mitted over ice, 130. 

Fourier, M., his estimate of the tem- 
perature of space, 240. On the 
decrease of central heat, 345. 

Fox, Mr., on the temperature of 
mines, 242. On the law of mag> 
netic intensity, 308. On currents 
of electricity in metallic veins, 331, 

Franklin, Sir John, his observations 



on the temperature of the Arctte 

regions, 260. 
Fraunhofer, Professor, his dark lines 

in the solar spectrum, 157. His 

solar spectrum, 193. 
Fresnel, M., proves the extl^ordina 

ry ray to be wanting in some sab- 

stances, 177. His exjieriments on 

circular and elliptical polariza 
, tion, 186; «nd on light passing 

through the axis of quartz, 187. 

O/i the interference of light, 188. 
Fringes of color about circular aper 

tures, 168. Note 196. 
Fulgorites, 283. 
Fundamental note in masio}495. 



Galileo first observed the nodal 
points of vibrating bodies, 140. 

Galvnni, Professor, his discovery 
290. 

Galvanometer, 318. 

Gambart, M., bis computation of 
the elements of a comet, 347. 

Gardner, Mr., on the cohfiguratiou 
of land and water, 258. 

Gay-Lussac, M., his law of the com- 
binaUon of gases, 103. His esti- 
mation of the length of a flash of 
lightning, 282. 

Gensanne, M., his observations on 
the heat of mines, 242. 

Giesecke, Sir Charles, on isothermal 
lines, 260. 

Glass impermeable to heat, S10 a< 
seq. 

prism, 153. Note 190. 

, crown and flint, properties of, 

J 58. 

, polarizing angle of, 179. Not* 

205. 

, vibrations of, 141. 

Goodricke, M., his opinion of varia- 
ble stars, 365. 

Graham, his compensation pendu- 
lum, 224. 

Gravitation, 3, 44. Note 5. 

, terrestrial, 4. 

— ^decreases from the polfes to the 
equator, 44. 

, the intensity of, 4. Note 13. 

of the planets and satellites, 5. 

Note 28. 

, universal, 6 et sea. 

, the nature of, 386. 

proportional to the mass, 5. 

Notes 37, 38." 
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OMvitation, a eonaequonca of elec- 
tric action, 97 et atq. ■ 

Gravity, the direction of, 43. 

6r«at inequality of Jupiler and Sat- 
urn, 24, 83. 

Great comet of 1643, 3S0. 

Grini&idi, his discovery of colored 
fringes on tbe borders of shadows, 
169. 

Grylli, grasshoppers, crickets, lo- 
custs, «cc., 123, 196. 

Gymnotus electricus, 299. 

H. 

UaUUnger, M., his experiments on 
erystalization, 105. 

Hull, tbe first to construct an achro- 
matic telescope, 159. 

Bailey's comet, 341. 
Uonstein, Professor, discovers ail 
substances to be magnetic in a 
certain position, 305. 

Hannonic divisions of a musical 
string, 134. 

— ~ divisions of a column of air, 
137. 

Harmony, 136. 

Harris, Mr. Snow, his experiments 
on electricity, 276 et aeq. 

Harrison, Mr., his compensation pen- 
dulum, 224. 

Bearing, the extent of, 120. 

, experiments of Dr. Wollaston 

on, 125. 

. experiments of M. Savart on, 

126. 

Heat; theory of, 206. 

, transmission of, 208. 

of various kinds, 210. 

, solar, transmission of, 213. 

— — , maximum point of, in solar 
spectrum, 214. 

, polarization of, 215. 

, analogy between light and, 

218. 

1 radiant, 220. 

, expansion by, 222. 

, propagation of, 225. 

, latent, 227. 

, application of, 229. 

, supposed to consist of undu- 
lations of tbe ethereal medium, 
230. 

r, solar, 231 et eeq. 

, qoantity of solar, 252. 

•— , quantity of solur lost and gain- 
ed by the earth, invariable, 261. 

, central, of earth, 241 et teq. 



Heat, luperficial, oCearth, 908. - 

, dlstributi<M of, 853. 

, Infloence^of, on vegetatkmi 

262. 
Beight of atmosphere, 114. 

ofUdes, 91. 

of mountains, 7. 

Heliacol rising, 80. Note 146. 
Helix, circular and elliptical, ie& 
Henry, Professor, his temporary 

magnet, 317. 
Herschel, Sir William, his discov- 
ery of tbe satellites of Saturn and 
Uranus, 32 ; of the rotation of Jii. 
piter*s satellites, 65 ; of the calo- 
rific rays of the solar spectmm, 
199. His observations on tbe point 
of maximum heat in the solar 
spectrum, .314. Hia account of 
tbe nucleus of the comet of 1911* 
352. Numiifir of fixed stars he 
saw in one hour, 361. Bis cata- 
logue of double stars, and discov- 
^ri of the. binary systems, 36Sl 
Hm observations of r Serpratarli, 
and of I Ononis, 368. On tlie 
motion of the solar system, 3rn>. 
His observationa on the Milky 
Way, 374. On clusters of stars, 
375. Outhenebule,376. Hk si- 
dereal astronomy, .181. 
Herschel, Sir Jotan, his estimation 
of the thickness of Jupiter's ring, 
08. Be ascribes the decrease of 
the earth's temperature to the se- 
cular variation of the eccentricity 
■of the earth's orbit, 70. On tbe 
decrease of heat in the northern 
hemisphere, ib. Proposes the use 
of equinoctial time, 81. His re- 
marks on the clearness of sound 
duriuK tbe night, 130. On than* 
der, 132. His discovery of two 
new prismatic colors, 156. Bis 
argument in favor of the undula- 
tnry theory of light, 169. On tbe 
phenomena of polarization of 
light, 172. On polarizing appa- 
ratus, 183. His discoveries in the 
photographic spectrum, 197. On 
the discontinuity of calorific spec- 
trum, 206. His discovery of the 
parathermic rays, 231. His theory 
of volcanic action, 249. Supposes 
tbe ether may be in moUon, 350. 
On the contraction of the heads 
of comeu, 356. On the gravlta- 
.tion of tbe binary itystems, 368. 
Bis estimation of the distancef of 
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the ilzed ftara, ib. He misses a 
star, 363. His aocoant of the star 
Algol, 364. Determines the ellip- 
tical motions of binary systems, 
367. Determines the orbit of y 
Virglnls, ib. Adds to the cata- 
logue of doable stars, 36H. On 
the color of the stars, 374. On 
elttsters of stars, ib. On the ne- 
balB, 376 eC teg. 

Herschel, Miss Caroline, her obser- 
vations of Encke's cornel, 345. 
Her catalogue of nebule, 376. 

Hevelius first noticed the contrac- 
tion of comets in approaching the 
•un, 366. Tliought he saw the 
pliasesof a comet, 357. Mentions 
a variable star, 364. His obser- 
vations of Halley*s comet, 343. 

Hipparchus discovers precession, 75. 
His catalogue of slsrs, 363. 

Homogeneous light, 154. 

spheroid, its rotation, 44. 

(horizontal refraction, 39. Note 113. 

— — parallax of the moon, 51. 

Horoscope, 84. 

Humboldt, Baron, his otuervatlonB 
on the 6utf-stream, 04. Effects 
.of the rarity of the air on, 114. 

• His observations on the transmis- 
sion of sound, IW. On the tem- 
perature of mines, 343. On the 
distribution of heat, 3.54. His bo- 
tanical observations, 366. On the 
distribution of plants, 367. On 
the Gulf-weed, 368. His observa- 
tions on terrestrial magnetism, 
330. 

Hurricanes, laws of, 119. ' 

Huygens, his undulatory theory of 
light, 163. 

Hyperbola, 13. Note S3. 

I. 

Ibn Junis, hts observations, 85. 

Ice, its double refraction, 177. 

useful for polarizing light, 183. 

ifnpermeable by Voltaic elec- 
tricity, 398. 

Icebergs drifted from the poles, 05. 

collision of, a cause of light, 

380. 

Iceland spar, a carbonate of lime, 
its form, 175. Note 166. 

— — , a doubly refracting substance, 
176. Note 900. 

•— useftil as an analyzing plate, 



Iceland spar a negative crystal, 177. 

Image from a crystal with one op- 
tic oxls, 183. Note 307. 

from a crystal with two optic 

axes, 183. Note 308. 

Impetus, a force proportional to the 
mass and jthe square of the ve- 
loelty of the striking body con- 
joinUy, 131. 

Imponderable agents, 336. 

Inactive lines in photographic spec- 
trum, 304. 

Inclination of planetary orbits, 9. 
Note 53. 

variation of, 18: Note 72, 

Indians, the lunar tables of, 83L. 

Inequalities. See Perturbationa. 

Insects, the distribution of, 370. 

Intensity of light, 164. 

of sound, 134, 130. - 

of gravitation, 4. 

Interference of waves, 93. Note 147. 

of Tides at Batsha in Tooquiu, 

93. 

of sound, 133. 

of light, 161, 187. Notes 193, 

311. 

Internal heat of the earth, 67, 343 
et seq. 

structure of the earth, 74. 

structure (^Jupiter, 38, 57. 

structure of Saturn and Mars, 

57. 

Invariable plane of the ftolar system, 
33. Note 80. 

, position of, 22. Note 81. 

of the universe, 33. 

Inverse square of distance, 5. Note 
33. 

cube of distance, 55. Note 1 33. 

Iron, its magnetic properties, 305, 

Isogeothermal lines, 260. 

Isomorphism, 106. 

Isothermal lines, 259. 

Ivory, Mr., his determination of the 
form of the terrestrial spheroid, 
43, 47. His formuke for ban>- 
metrical measurements, 113. On 
the distribution of the electric flu- 
id, 376. 

J. 

Jews used the week of seven days, 

80. 
Jovial System, the mass of, 55. 
Julian Calendar, 80. 
Jupller, the compression of, 03. 
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Jitpiter, magnimde of, 50. 

, mass of, 55. 

, rotation of, 61. 

, precession and nutation of, 28. 

, in conjunction and opposition, 

30. Note 96. 
— r- and Saturn, tlieir theory, 34. 

Note 84. 
Jupiter's satellites, theory of, 26. 

, masses of, 26, 54. 

, orbftf of, 26, 27. Notes 86, 87. 

, law in the mean motions and 

mean longitudes of; 28. 
, synodic m'otiqns of, 29. Note 

92. 

, eclipses of, 29. Notes 93, 94. 

•: .configuration of, 27. Note 88. 

, effect of Jupiter's form on, 26. 

, secular variations of, 27 tt teg. 

, periodic voriations of, 28. 

, effects of the displacement of 

Jupiter's equator and orbit on, 28. 

Note 90. * 
-■ — , rotation of, 65. 
, libration of, 64. 

K. 

Kaler, Capt., determines the length 
of the seconds pendulum at Lon- 
don, 84. 

Kempelen and Kratzenstein^ their 
speaking machine, 147. 

Kepler discoven the form of the 
planetary orbits, 5. Note 26. Ills 
laws, ib. 

Kupffer, M., his observations on the 
isothennal lines, and the poles df 
maximum cold, 261. Discovers 
a nocturnaf variation hi the com- 
fiass, 303. 

L. 

La Grange, M., proves the stability 

of the Solar System, 22. 
Lalande, M., his computation of the 

contemporaneous conjunctions of 

the planets, 41. 
LamiuK, vibrations of, 140. Notes 

181, 182. 
Lnmouroux, M., on the distribution 

of sea-weeds, 267. 
Iianguages, collation of, 270. 
, vocal articulation of, imitated 

by machines, 147. 
La Place, the Marquis, his determi- 
nation of the invariable plane, 22 ; 

and of the gre^t inequality of Ju- 1 



piter and Satuiii, 24. Proves that 
the lunar pericee and nodes are 
not affected by the resistaaee 
of ether, 36. He discovers the 
cause of the lunar acceleration, 
ib. His theory of spheroids, 43. 
He ascKbes ttie motions of the 
planets to a connnon origlBal 
cause, 61 . Proposes the year 1350 
as a universal epoch, 81. Quota- 
tion from, 82. Proves the Indian 
tables to be as recent as Ptolemy, 
83. Proves that the discrepancy 
between Newton's theory of the 
tides, and observation, depends 
upon the depth of the sea^ 86. On 
the utility of investigations of 
cause and effect, 90. On capilla- 
ry attraction, 109. On the oscil- 
lations of the atmosphere, 115. 
On the comet of 1770, 336. On 

. Halley's comet, 342. On the ex- 
tept of solar attraction, 344. On 
)he comet of 1682, 357. On the 
origin of the Solar System, 377. 

Latent heat, 236. 

Latitude, terrestrial, 4. Note 11. 

, celestial, 9. Note 54. 

— -, square of the sine of the, 47. 
Note 126. 

Length of a wave, 1^. 

- of the seasons variable, 60. 

- of the day invariable, 66. 

- of the civil year, 79. 

- of the Egyptian year, 80. 
of a degree of the meridian, 

46. 
of the pendulum at London, 

84. 

of the tails of comets, 355. 

Lens, 150. The glasses of a tele- 
scope and of spectncles are lenses. 
Leslie, Sir John, his theory of the 

internal structure of the globe, 73. 

On radiant heat, 207. 
Level of the sea, 84. Note 150. 
Lexel, M., his comet, 340. 
Libration of the moon, 64. 

of Jupiter's satellites, 64. 

Light, 148. 

, velocity of, .31. 

— , reflection ahd refraction <^ 

148,170. Notes 184, 198. 

— , analysis of, 154. Note 190. 

— , absorption of, 154, 
, intensity of, 164. 

— , dispersion and deviation of, 

158, 191. 

— , propagation of, 164, 171. 
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Lif(ht, iaterfenmce of, 161, 18T. 
-— ~, dfllhiotiofi of; 166. Notes 193, 

196,197. 
-~- of tun and roooB, 839. 

ofcomela, 357. 

oriiedtt&re,303. 

-— ', action of, OD retina, 173. 

— , electric, 279. ^ 

— — , polarizailoD of, 173. 

— "•, emanating tlieory of, 161. 

— , undulatory theory of, 163 e<««f. 

-— , objectkma to the undiilatory 

UMory of, reiaoved, 190. 
— ~~, length and frequency of the 

undttlatloDS of, 161. 
Lightning and its eflbcts, 982. 

, ita velocity, 384. 

Lines of the second order, or conic 

seeUons, 5. Note 29. 

of no variation, 301. 

— of perpetual snow, 256. 

, Isothermal, 350. 

»— , isoseoihermal, 253. 
Longltade, terrestrial, 6, 30, 41. 

Notes II, 05. 

, celestial, 0. Note 47. 

—— of pt^heUon, 10^ 
— - of nodes, 10. 
^— of epoch, 10. 
Lunar theory, 33. 

inequalities, 34. 

— - eclipses, 39. 
— ^ distance, 42. 

spheroid, 64. 

Lunar orbit, 33. 

— — , eccentricity and inclination of, 

constant, 35. 
-p— , nutaUon of, 39. 
Lyell, Mr., on the temperature of the 

northern hemisphere, 70. His es- 

tlmate of the number of volcanie 

emptioas, 346. 



Mackintosh, Sir James, a quotation 
from his "General View of the Pro- 
gress of Ethi^ Philosophy," 1: 

Magnets, 305. ' 

, temporary, 317 tt teg. 

Magnetic meridian, 301. 

polarity of the earth, 301. 

— ~- dip and equator, 301. 

poles, 300. 

— intensity of the earth, 302. 

inducUon, 306. 

force, 3Ue. . 

fluid, 308. 

and electric forces, 310. 



Magnetidra in general, 305. 

of different substances, 305. 

— -^ and electricity identical, 3!23. 
— of the sun and planets, 334. 

, terreiMrial, .100, 330* 

Maffneto-eiectricity, 323. 

Mojor axis of an ellipse. Note 23. 

of an orbit, 8. Note 4-2. 

, secular motion of, 17. 

of planetary orbits invariable 

in length, 19. 
Malus, M., his discovery of the po* 

larization of light, 189. 
Manltind identical in species, 270. 
Marcet, M., on the temperature of 

an Artesian well, 244. 
Marco Polo finds a difficulty of kin- 
dling fire at great heights, 114. 
Marine plants, their dbstrlbutlon, 

367. 
Mariner's compass, 304. 

, variation of, 301. 

Mars eclipsed Jupiter, 41 

, iiarailax of, 53. 

, compression of, 57. 

, climate of. 339. 

Mass, 6. Note 37. 

of the sun and planets, 56. 

of Jupiter*s satellites, 55. 

of the moon, 55. 

—of Jupiter and the Jovi.il sys- 
tem, 55. 
— r- of comets, 353. 
Mathematical and Mechanical tkk- 

«nces, 3. Note 3. 
Matter, proportion of, in any two 

planets, 55. Note 133. 
^ the ulfimate particles of, 96 et 

»eq. 

^ the attraclton of, 4. Note 5. 

, its diffusion In space, 381. 

Maximum squares, 50. Note 136. 
point of heat in solar spectrutai, 

314. 
Mayer, M., his catalogue of atari, 

367. 
Mean time, 78. 

distance, 8. Note 41. 

motion, 9. Notes 43, 45. 

longitude, 9. Note 47. 

motions and m^jor axes, their 

constancy, 19. 
motions of Jufrtter and Sntnra, 

law of, 34. 
DK>tfc>ns of Venus and tiie earth, 

35. 
motions of Jupiter's satellite^ 

law of, 27. 
Mensnres, standard? of, 84. 
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Melloui, M., his experiments on the 
transmission of caloric, 208 et seq. 

On thepoint'of maximnm li,eat on 
the solar spectrum, 215. 

Mercury, the planet, rotation of, 60. 

— ^, climate of, 240. 

Meridian, 46. 

, mensuration of, 46. Note 124. 

, form of, 47. 

, quadrant of, 83. 

Messier, M., on LexcPs comet, 340. 
Was the first who observed 
Encke*s comet, 345. 

Metals, dilatation of, 223. 

Meteorites, 381. 

Meteors and shoothig stars, 382. 

Al^tre, a French measure, 84. 

Mica, iu action on light, ISO, 181. 

Milky Way, 54, 374. 

Mines, temperature of, 242. 

Minor axis of an ellipse, 5. Note 24. 

Mirage, 151, 152. 

Miraldl, M., discovers the rotation of 
Jupiter's fourth satellite, 65. 

Mitscherlich, Professor, on crystnli- 
zation, and the effect of heat on 
crystaline bodies, 105, 106. His 
theory of i8omorphisin,107. On the 

, expansion of crystaline bodies,2-24. 

Molecular attraction, 9C>. 

Molecules, or ultimate particles, 101. 

MoU, Professor, his temp(>rary mag- 
nets, 317. 

Momentum of the planets, 12. Note 
59. 

Honocotyledonous plants, 267. 

Monsoons, 118. 

Moon, theory of the, 33. 

, iwriodic and secular ijerturba- 

tlon of, 34 et seq. 

, action of planets on, 35. 

disturbs her ojvn motion, 35. 

'-, acceleration of, 3U. 

, periods of her secular inequal- 
ities, 37. r .^ 

y mean anomaly of,37. Note 106. 

- — , form of, 64. 

, mass of, 55. 

, rotation of, 63. ' 

, libratlon of, 64, 65. 

, constitution of, 65. 

, light of, 239. 

■ — -, atmosphere of, 238. 

, phases of, 38. 

, eclii)ses of, 39. 

, orbit of, 33. 

, nutation of, 38. 

'and earth's reciprocal attrac- 
tion, 5. 



Moon^s southing, 91. Note 155. 

Moorcroft, Mr., hia botanical obser- 
vations, 265. 

Moser's discoveries, S233. 

Mossotti, Professor, his theory, 07 
et seq. 

Motion, mean, 9. Notes 43, 45. 

, true, 9. Note 44. 

of solar system, 6. 

of translation and rotation, 6, 7. 

of solar perigee, 81. 

of lunar perigee and nodes, 37. 

of ether, 350. 

Mundy, Captain, his observatiom 
on mirage, 152. 

Musical sounds, 125. 

instruments, 137 et aeq. 

strings, vibrations of, 134 et seq. 

Note 176. 

N. 

Nature, laws of, 386. 

Nebul8D, 376. 

, forms of, 377, 378, 

, stellar andl)lanetary, 379. 

, constitution of, 380. 

, distribution of, 380. 

Nebulosity of coqnets, 352, 357. 

Nebulous ^ars, 379. 

Needle, the magnetic, 300. 

— , the dipping, 301. 

Newton, Sir Isaac, on the attraction 
of spheroids, 4. His dlpcovery of 
gravitation, ib. Of tb^ laws of 
elliptical motion, 4, 22. On the 
figure of a fl aid mass in rotation, 
43. His theory of the tides, 86. 
His analysis of light, 153, 154. Bm 
theory of light, 161. His rings, 

165. Mensuration of his rings, 

166. His scale of colors, 167. 
Nickel, sulphate of, its properties, 

106. Note 161. 

Nodal points of vibrating strings and 
columns of air, 134 et seq. 

lines in air, 144. 

lines on Cylinders, 141. 

lines on surfaces, 138. 

Nodes, ascending and descending, 
•10. Note 55. 

, motion of, 18. Note 73. 

connected with the inclination, 

19, 

Norman, Robert, discovers the mag- 
netic dip, 305. 

Nutation of earth's axis, 76. Note 
144. 

- — ofiunar orbit, 7. Note 35. 
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Nutation, reciprocal, of earth and 

lunar orbit, 7. Note 33. 
, effects of, 73. 

0. 

Oblate spheroid, 4. Note 9. 
Obliquity of the ecliptic, 9, 21. Note 

46. 

, ita variation and limits, 23. 

Occultation of planets and stare, 41 
Ocean, tides of, 85. 

, effects of, on gravitation, 50. 

, density of, 50. 

, mean depth of, 86. 

, stability of, 93. 

, currents in, 95. 

Octahedrons, 105. Notes 160, 165. 
Oersted, Professor, his discovery of 

electro-magnetism, 319. 
Olbere, Af., his observations of Bie- 

la's comet, 347 ; and of the comet 

of 1811, 353. 
Olmsted, Professor, on the shooting 

stars of the 13th of November, 385. 
Opposition, 29. Note 96. 
Optic axis of a crystal, 177. Note 

202. 
Orbit of a planet, 8. 

of comets, 339. 

of binary systems, 365 et seq. 

• of celestial bodies, 360. 

, elements of an, 10, 57. 

Ordinary refraction, M8. Note 184. 

ray, 175. 

Oscillations, 3. Note 4. 

of the ocean, 86. 

of the pendulum, 49. Note 127. 

of the atmosphere, 115. 



Pacific Ocean, the origin of the tides, 

91. 
Pallas, its size, 56. 
Parabola, 5. Note 22. 
Parabolic elements, 339. 
Parallactic motion, 370, 
Parallax, 51. Notes 128, 129. 

, horizontal, 51. 

of the sun, Mars, and Venus, 

52, 53. 

of the moon, 51. 

, annual, 53, 371. 

Parallel directions, 14. Note 62. 

of latitude, 47. Note 11. 

Parathermic rays of solar spectrum, 

Parry, Sir Edward, his Journey on 



the ice, 05. On the cold at Mel- 
ville Island, 241. On the tem- 
perature of the Arctic seas, 260. 

Particles of matter, 4, 96. Note 6. 

subject to gravitation, .4, 100. 

, size of, 101. 

, relative weights of, 102. 

, form of, 104. 

Pendulum, 32, 49. Note 100. 

, its variation discovered, 50. 

Penumbra, 39. Note 111. 

Perigee, lunar, 34. Note 102. 

, variation of, 37. 

, variation of solar, 82. Note 

147. 

Perihelion, 10. Note 57. 

' , secular variation of, 16. Note 

64. 

Periodic inequalities of tlie planets; 
13. 

lOf Jupiter*8 satellites, 27. 

of the moon, 34. 

times, 5, 9. 

, proportional to cubes of mean 

distances, 5. Note 26. 

Periodicity of the planetary iicrtur- 
bntions, 20. 

Periods of rotation of the celestial 
bodies, 61 et seq. 

Perkins, Mr., his experiments on the 
compressibility of matter, 74. 

Peron and Lesuedr, MM., on tiie dis- 
tribution of marme animals, 269. 

Perturbations of the planets, peri- 
odic and secular, 12^ 13. 

expressed in sines and cosines 

of circular arcs, 20. Note 76. 

of Jupiter and Saturn, 24. 

of Venus and the earth, 25. 

of Jupiter's satellites, 27. 

of the moon, 33, 34. 

of comets, 338. 

Phases of the moon, .38. 

Phosphorescence, 288. 

Phosphorescent action of solar spec- 
trum, 286. 

Photographic rays of solar spectrum, 
194 et aeq. 

pictures, 197. 

Plane of ecliptic, 9. 

, its secular variation, 21. 

Planetary motions, 8, 13. 

Planets move in conic sections, o. 

, their forms, 4. 

1 atmospheres of, 238. 

, constitution of, 240, 

Plants, their distribution, 262 et seo 

Plateau, M,, on complementar}' col 
ors, 160. 
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Piatina, spontaneous conibtislloa of, 
104. 

PolQsot, M., on the invariable plane, 
93. 

Poiason, Baron, his researches on 
capillary attraction, 109. On the 
distribution of the electric fluid, 
276. On the law of the magnetic 
force, 308, 309. 

Polar star, 77. 

Polarization of I ij^ht, 172 

by refraction, 173. 

by reflection, 178. Note 905. 

, circular, 183 et seg. Note 909. 

, elliptical, 187. 

, discovery of, 1891 

r of heat, 215. 

— — , circular, of heat, 217. 

Polarized light, 173. 

, undulittions of, 176, 188. ^ Nole 

201. 

, phenomena of, 180 et »eq. 

Notes 207, 208. 

in quartz, 183, 187. 

, interference of, 188. Note 211. 

Polarizing angles, 179. Note 205. 

apparatus. Note 206. 

Poles of rotation, 4. Note 11. 

of celestial equator, or equinoc- 
tial, and of ecliptic, 0, 76. Note 
46. 

of maximum cold, 260. 

, magnetic, 300. 

Ponillet, M., his estimation of the 
quantity of heat annual Iv received 
from the sun, 251, 252. On the 
production of atmospheric elec- 
. tricity, 281. 

Powell, Professor, on the dispersion 
of light, 191. Ilia experiments on 
heat, 213. 

Precession and nutation, 74. Notes 
143, 144.' 

, effects of, 75, 77. 

Principal axis of rotation, 71. 

Prism, its use, 153, 154. | 

Prismatic colors, 154. 

Probabilities, theory of, its utility, 59. | 

Problem of the three bodies, 11. 

Projected, 5. Note 20. ~ 

a. ! 

Quadrant of the meridian, 84. Note 

151. 
Quadratures, 9. Nole 51. 
Quadrupeds, their distribution, 270. 
Quartz, or rock crystal, its proiier- 

ties, 177, 183, 187. 



U. 
Radial force, 7. 
Radiation, 221 et sea. 

of the earth, 351. 

of the sea, 236. 

, solar, 68, 261. Note 140. 

Radii vectores, 8. Note 40. 
Radius, 4. Note 15. v 
, terrestrial, polar, and equato- 
rial, 47. - 

, solar, 56. 

vector, 14. 

Raffles, Sir Stamford, his account 

of the volcanic irruption at Sam- 

bawn, 247. 
Rain, ^{92. 

Ratio, 4, 5. Note 16. 
Rays of Light, 148. 

of heat, 208. 

, chemical, 193 et »eq. 

, extraordinary and ordinary, 

177. 
Reflection of light. Notes 184, 198. 
, extraordinary and total. Note 

184. 
of sound, 131. Notes 174, 

175. 

of waves, 131. Note 174. 

Refiraction of light, 148. 149, 171. 

Notes 184, 198. 

, atmospheric, 148. Note 185. 

in eclipses, 39. 

, terrestrial, 150. Note 187. 

, extraordinary, 150. Notes 188, 

189. 
Repulsive force, 96. 
Resisting medium, and its effiects, 

21, 162, 163, 346. Note 78. 
Resonance, 144. 

Retrograde motion, 13. Note 61. 
Revolution, sidereal, of planets, 16. 

Note 138. 

, tropical, 16. Note 69. 

, synodic, 39. Note 112. 

and rotation of the celestial 

bodies in the same direction. 61. 
Rhombohedron, 175. Note 200. 
Richman, Professor, killed by light- 
ning, 283. 
Richter, his observations on the pen* 

dulum at Cayenne, 51. 
Rings, Saturn's, 62. 
, colored, round, small aper- 

turao,168. 

, Newton's, 165. Note 194. 

Ritchie, Professor, causes water to 

rotate, 316. On the composition 

of water by magnetic action, 335. 
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Rom, Cape. Jaiiieti, his detenniuatioa 
of the magnetic pole, 300. 

RotatUm of tiie sun and planets, 7, 
UO, 61. 

of n fluid mass, 6, 43. 

of the earth, 38, (36. 

, invtiriabilUy of the earth's, 73. 

of the inoon, (53. 

of Jupiter's sateilites, 65. 

' of Saturn's rings, 62. 

of winds, 118, 119. 

of water by electricity, 316. 

of magnets, 315. 

S. 

Sabine, Colonel, on the magnetic 
equator, 302. 

Salt and sugar, their capnllary at- 
traction, 110. 

. rocic, highly permeable to heat, 

209, 211. 

Satellites, 7. Note 32. 

of Jupiter, their theory, 26. 

of Saturn and Uranus, 32. 

Saturn and his ring^t, 62. 

Sauasure, M., on tlie temperaiare of 
mines, 242, 243. 

Savart, M., his experiments on the 
sense of hearing, 126. On the 
vibration of elastic bodies, 141 et 
seq. 

Savary, M., the first who determined 
the orbit of a binary star, 367. 

SchrOeter, M., on the atmosphere of 
Ceres, 238. 

Scoresby, Capt., on extraordinary 
refraction, 151. On the tempera- 
ture of the Arctic regions, 260. 

Seasons, variation of, 82. 

S»K:ulnr variations, 13. 

of ai>sides, 16. ^otes 66, 67. 

of eccentricity, 19. Note 70. 

of the eccentricity of the te^ 

restrial orbit, 17. 

of nodes, 18 ct seq. Not© 73. 

of inclination, 20. Notes 72, 

75. 

in the obliquity of the ecliptic, 

21. Notes 79, 143, 148. 

of Jupiter, 19. 

of Jupiter's satellites, 27. 

of the moon, 35. 

Seebeck, Professor, on the maximum 
point of heat in the solar ,8pec- 
trum, 215. 

Shell-fish, the weight they sustain, 
112. 



Shooting stars, 382. 



Sidereal day, 77. 
' — revolution, 78. 

astronomy, 361. 

Sine of an arc or angle, 20. Note 76. 
Sirius, distance and light of, 362. 
Smyth, Capt., measures the height 

of Etna, 1 1 3. His observations of 

y Virginis, 368. 
Snow, line of, (lerpetual, 251. 
Solnr System, its motion in space, 5, 

23,370. 
Solar s|)ectrum, 154, 156, 192 214. 
Solnr heat, quantity of, 252. 

, distribution of, 253. 

Solstices, 81. Note 148. 
Sothaic period, 80. 
^ound, theory of, 122, 1-23. 
, nndulations producing, 124 

Note 156. 

, intensity of, 125, 131. 

, velocity of, 129. 

^ transmission of, 123 et geq. 

, reflection of, 131, 132.. 

, refraction and interference of, 

133. 
Sounds, musical, 134. 

, harmonic, 136. 

Space, 5. Note 21. 

, temperature of, 241. 

S|)enking-machihe, 147. 
Sphere, attraction of, 4. 
Spheroid, 4. Note 9. 

, attraction of a, 4. Note 12. 

Spring, 22. 

tides, 89. 

Squore of distnnce, 5. Note 23. - 

of moon's distance, 5. 

- — of sine and cosine of latitude, 

45. Note 123. 

number and its root. Note 132. 

Stability of system, 21. 
Stars, fixed, 361. 

, parallax of, 53. 

, distance of, 53, 370. 

, distances of, known from the 

binary systems, 370. 

, number of, 361. 

, size of, 362. 

tliat have vanished, and ntfw 

stars, 363. 

, variable, 364. 

, their proper motion.s, 369, 370. 

, double, 365. 

-— , parallactic motions of, 370. 
, blnarv systems of, and their 

orbits, 367 ci seg. 

, color of, 374. 

, clusters of, 374. 

Steam, 227 et seq. 
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Strtive, Pnifessor, on the rings of 
Snturn, G3. On Halley's comet, 
343. On the Rouble stars, 368. 

Sun, the center of gravitation, 5, 6. 

, motion of, 8, 370. 

, magnitude of, 55. 

, eclipses of, 40.- 

, parallax and di:stanceof, 58. 

, mass of, 55. 

— — , rtHation of, 61 . 

, constitution of, 238, 239. 

— -, light and aliiiosphere of, 230. 

, spots on, 239.' 

, heat of, 251, 252. 

Surfaces vibrating, 137.- 

Svanberg. M., on the temperature 
of space, 240. 

Sykes, Col., on the height at which 
wheat grows, 9M. 

Synodic revolution, 39. Note 112. 

Syren, 138. 

Syrup, physical properties »f, 184. 

System, Solar, its stability, 21. 

, its motion, 6, 370. 

of Jupiter and his satellites, 27. 

-r — of binary stars, 367. 

Syzygies, 88. Note 153. 

T. 

Tangent, 8. Note 38. 
Tangential force, 15. 
Temperature, internal, of the earth, 

67, 24-2. 

, stratum of mean, 941. 

ofniim», 242. 

of wells, 243. 

of ocean, 245. 

, superficial, of earth, 249. 

1 efllects of, on vegetation, 262. 

of space, 241. 

of tile san, nioonj and planets, 

' 938 ft seq. . 
Terrestrial latitude and longitude, 4. 

Note 11. 

meridian, 45. 

refraction, 150. 

mignetism, 300, 333. 

Tessuiar system, 107. 
Tetrahedron, 107. Note 1&4. 
Theory of Jupiter's satellites, 26. 

of the moon, 33. 

of the tides, 85. 

, atomic, 101. 

— — of sound, 122. 

of light, \48et8eq. 

of heat, 206. 

of electricity, 271 et teq. 

Thermal springs, 252. 



Thenno-electriclty, 328. 
Thermo multiplier, 329. 
Thunder, 132. 
Tides, theory of, 86. 

, semi-diurnal, 87^ 

— — , semi-annual, 89. 

, efiects of declination on, 90. 

Note 154. 

, neap and spring, 89. 

.height of, 89, 91. 

, propagation of, 90. 

, forces producing, 92. 

at Batsha, 93. 

Time, mean and apparent solar, 78, 
, mean and apparent sidereal, 

77, 78. 

, equinoctial, 81. 

, equation of, 78. 

, square of, 36. Note 105. 

, divisions of, 79. 

Timocharis, his observations, 75. 
Torpedo, its electric properties, 299. 
Tourmaline, its pro|)ertieK, 173, 176, 

178. Note 199. 
Trade winds, 116. 
Transit of Venus, 5S. Note 131. 
Transmission of light, 171. 

of undulations, 123. 

of sound. 129. 

of heat, 208. 

Translation, 7. Note 36. 
Triangulation, 46. Note 125. 
Trc^cal revolution, 16. Note 69 
Tuning-fork, experiment with, 133. 

U. 

Undulations of water, 02, 93. Note 
156. 

— of air, illustrated by tliose of a 
field of corn, 123. 

— - of air, 124. 

— of ether, illustrated by those of 
a cord, 164, 186, 187. 

— , small, 115. 
Undulatory theory of light,161 et seq. 
Uranus, 239. 

, his distance from the sun, 53. 

, hi» satellites, 32. 

Universe, 23, 381. 



Valz, M., on Halley's comet, 343. 

On the nuclei of comets, 3.')6. 
Vapor, 228. 
Variation, a lunar inequality, 34. 

Note 104. 

— of the compasK, 300 et teq. 
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Varieties of uiftiikiiid, im. 
Vegetation, SflS. 
Veloeity ofJlght, 31. 

of electricity, 384, 

^1 compantive, 36B. 

of the Kravltatinc force, 386. 

Venufl, her action on the earth, S5. 

^1 her nodes, 13, 52. 

^.transit of, 53. 

, climate of, 240. 

Vibrations of musical strings, 134. 

of columns of air la pipes, 137. 

of elastic solids, 138 U »eq. 

sympathetic, 1, 142. 

of polarised light, 176. Note 301. 

Volcanic action, 846. 

, theories of, 240. 

Volta, Professor, his oonatrucUon of 

Uie Voltaic pile, 300. 
Volta-electric Induction, 333. 
Voltaic battery. 208. 

eleetrieity, discovery of, 300. 

, properties of, 394. 

, luminous effects of, 305. 

, chemical efl^ts oi; 306. 

— — , transference of, 897. 

, composition by, 307. 

, effects of, on the senses, 390. 

Volume, 56. 

W. 

Water, decoiuposltion and compo- 
sition of, 306, 328, 336. 

of crystaJization, 105. 

a conductor of sound, 1S!9. 

, rotation of, 316. 

Week, the antiquity of, 80. 

Weigh! of the atmosphere, 112. 

decreases from the poles to the 

equator, 44, 49. 



Weight at the surfaces of the sun 
and planets, 56. 

Weights and measures, 84. 

Wheatslone, Professor, his musical 
Instruments, 138. His experiments , 
on vibrating surfaces, 140. On tiie 
transmission of sound, 145. On re- 
sonance, 146. On the velocity of 
the electric fluid, 284. On the 
spectrum of the Vol talc spark, 305. 

Willis, Mr., his speaking-reed, 147. 

Wollaston, Dr., on the extent of 
the atmosphere, 101. On the^ex- 
tent Qf hearing, 135. On refrac- 
tion, 151. Discovers the chemical 
rays and dark lines of the solar 
spectrum, 157, 104. On rotatory 
motion by the electro-magnetic 
force, 315. On the light of the 
celestial bodies, 363. 



Year, civil or tropical, and sidereal 
years, 77 et seq. 

Young, Dr. Thomas, on the compres- 
sion of substances, 73. His hiero- 
glyphic researches, 84. On capil- 
lary attraction, 109. On the love 
of harmony, 136. Establishes the 
undulatory theory of light, 163. 
On the Interference of U^ht, 160. 
On radiant heat, 330. 



Zodiacal light, supposed to be the 
atmoephere of the sun, 379 ; or, 
according to La Place and Profes- 
sor Olmsted, a nebulous body re- 
volving In the plane of the solar 
equator, 385. 



THE END 
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HARPER'S NEW MISCELLANY 

OF 

POPULAR STERLING LITERATURE. 

** Book! that ha^e an otm and meaning in them.'* 

Now in course of pablication, a new and attractive library 
of sterling books, elegantly printed in duodecimo, on fine 
paper, and bound in extra fnuslin gilt, Jilted for permanent 
preservation. 

^ PRICE FIFTY CENTS A VOLUME. 

The cheapest Poptdar Series of Works yet Published. 

I., 11. 

Elements of Morality and Polity. 

BY WILLIAM WHEWELL, D.D.; 

▲VTUOR OF "HISTORY AND PHILOSOPHY OF THB INDUCTIVB SCIBN- 
CKS/' Ac. 

2 vols. 12mo, Muslin, extra gilt, Si 00. 

Dr. Whewell's work ought to be read, becanse it can not be read withont 
advantage : the age requires such books.— London Athenaum. 

A text-book of simple truths, from which, by induction, a complete sys< 
temof morality is constrncted, applicable to all the relations and circum- 
stances of life, and embracing tvery department of human aciioo. The 
reader who shall carefully study these volumes— and a more inviting page, 
clear and legible, the eye does not often rest upon — will find his labor more 
than rewarded.— iVew York Commercial Advertiser. 

Professor Whewell's " Elements of Morality" have been universally n* 
ceived in England as a contribution of rare value to the department of moral 
and political science. — Baiiimore American. 

A splendid production by one of the most distinguished of the scientific 
men of the age. This is a book, not to be read merely, but to be re-peruHed 
and patiently studied ; we have heard it pronounced by no mean critic the 
most complete aud lucid work on ethical philosophy ever produced. We 
commend this work to the especial notice of thiukers and readers, to schol- 
ars and schools generally, as a most admirable text-book. — Sttn. 

The style of the work, though shnple, is extremely clear, strong, and el- 
oquent. It is a book to be studied rather than superficially read, and can 
not fail to be of the very highest importance in instructing and disciplining 
the public mind. — American Patriot. 

This is beyond all comparison the most complete, comprehensive, and lu- 
minous treatise on the important subjects it discusses, that is to be found 
in the language, and its careful study is indispensable to every one who 
would obtain true and definite notions in regard to the principles of public 
and private morals. It is profoundly learned and philosophical, but the writ- 
er thinks logically and clearly, and is^therefore at nil times lucid and com* 
prehensible.— i?t^a/o Commercial Advertiser. 
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2 HABPBft NEW MI80SLLANT 

in. 
Hie Pliil(MM>phy of Mystenr. 

BY WALTER COOPER D E N D Y. 
12mo, Muslin, extra gilt, 60 cents. 

This is a learned and elaborate work, in wiiich the writer goes into tiie 
investigation of all the phenomena v^ mind in the erratic operations and 
phantasies ufghoet seeing and spectral hallucinations, and aims to give the 
true philosophy of all sach delusions. He is a medical man of consider- 
able eminence, and has spared no pains in his researches, giving a grttt 
number of facts and cases to illustrate his philosophv. The volume wiil ne 
much sought for, as it is really a desideratum in tlie world of literatare. 
We know of no work on this subject which lays the same just claim to public 
attention, ur the study of the philcMupher.— OArM/uui Advocate and JoumaL 

The volume before us is both instructive aftd amusing, and at this partic- 
ular time, when the extremes of superstition and philosophy hava shaken 
hands, it will be likely to effect an inconceivable amount m good, if prop- 
erly siudied. It is one of the most remarkable productions ofthe day, and 
must create an extraordinary degree of interest in the pnblic mind.-^^ftr- 
ckanVs Magazine, 

It belongs to that class of writings which you can take up and put down 
at pleasure, and which may^be subjected to repeated readings. The work 
is pleasant, however, in spite of this — pleasant because of its facts, 'its nu- 
merous details of mystery, its vast collection of anecdote, its development* 
of diableriet its tidings from the spiritual world, and the many cases which, 
it brings together of the curious and the wonderful in nature and art, which 
former ages, ami ignorance and superstition, have concluded to consider su- 
pernatural. Where science and modem speculation furnish the solution to 
the mystery, Mr. Dendy couples it with the statemente, and the book is 
thus equally valuable and amusing.— 'CA<ir2e«<ofi Tranecript. 

Here lies a remarkable work ; beautiful in its style, and wondrous in its 
matter. The work is strictly philosophical in its tendency, yet more amus- 
ing than a novel.— TVue American. 

This is a bonk for the lovers of marvels and of mysteries. It contains an 
immenqp collection of anecdotes of spectral apparitions, of illusions of vision 
or of hearing, of striking phenomena exhibited in dreams, in insanity, in 
trance, or in magnetism, and furnishes many very valuable hints to aid in 
the solution of these mysteries, by which so many have been bewildered 
or affrighted. It is written in a style of great ease and elegance, and can 
not fail- to find a very wide circle of welcoming readers. — Albion. 

This unique and remarkable book has just been placed on our table ; we 
know its reputation of old ; it is an admirable discourse on the sul^ect of 
supematuralisms, such as mental illusions, dreams, ehosts, mesmeric phe- 
nomena, Ac. If any one will but read the tirst half dozen pages, we will 
vouch for it he will not neglect the rest of the volume : it ia one of the best 
written books on one of the most curious range of topics that could engage 
the pen of a writer, or the attention of a reader. It is, in fact, one ofthe- 
must curious volumes ever perused, upon a series ofthe most singular sub- 
jects, and, in this new and neat furni, it will command a vast number of 
readers.— Sunday 7\mes. 

♦' The Philosophy of Mystery" is an exceedingly able work ; far better, 
we think, than the " Natural Magic" of Brewster, a book of identical, pur- 
pose, carried out in a totally different way. The " Natural Magic" is the 
more raiioci native, Mr. Dandy's essay the "luorp poeticnl,the more imagina- 
ti»'e,~and to us the inore inleresniig -Xaticnat Press, 
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OF POPULAR STBRLINO LIT£BATURE. S 

IV. 

Hie Lilb of Mozart: 

INCLUDING HIS CORRESPONDENCE. 
BY EDWARD HOLMES, 

AOTHOB OF ** JL BAMBLS AMONO TH8 MUSICIANS OP OBBMAITT,** Ac 

I2mo, Muslin, extra gilt, 50 cents. 

It is written in abetntifal, namtive style, and ean not bat be ererf 
where acceptable. To all who appreciate the extraordinary renins of Mo- 
zart, the delicate structure of his mind, the incidents of his lifej and his ro- 
mantic death, this volume will indeed be a treasare.~So«/oj» Gazette. 

It contains, in addition to much of his interesting^ correspondence, and 
other papers, a detailed account of his life, adventures, snd rise as an artist, 
and a diecriminating sketch of bis character, the pecnliarities of which are 
happily illustrated by anecdotes. Many things of hiu, unknown even to 
his admirers, are here given to the world, and his biographer, fully appre- 
ciating the artist, has yet, not like a flatterer, but with true independence, 
spoken candidly of the faults of the man.— JfercAan('« Magazine. 

Of this far-famed life of Mozart it im scarcely necessary for us to say a 
word ; the foreign reviews have been so unanimous in their encomiums, 
that we suppose few will be found insensible to the strong inducement of 
its perusal, especially as the work may be obtained at the triAina; cost of 
halt a dollar, and in so beautiful a guise. We have looked into the bieg- 
raphv but slightly, yet And it redolent with interest, and fully sustaining 
the high estimate placed upon the work by the London AikeruBum and 
Blackwood. If the Harj^rs continue to till their new library with sterling 
works like the present, it will present the most truly valuable 8erie8,.yet 
the cheapest, ever attempted in any age or country. — Evening Gazette. 

The only authentic biography of the gr«at composer that is extant in the 
English language, and the events of his career are replete with useful ad- 
monitions and warning to the sons of genius, and they whisper to those 
whose present claims are not allowed that there is a future full of promise. 
In his life Mozart was neglected and impoverished, and he went to his 
grave with more than the bitterness of death crowding on his thoughts, 
but fame has taken possession of his memory, and among those who more 
as gods in musical art, few are equal to him, none are superior. This bi- 
ography possesses an interest for all who feel interested in the great men 
of the earth. It is not only remarkably well written, but has a complete- 
ness about it we have never found before in any life of Mozart.— Lout^vt/^ 
Joumai. 

There is such a charm in this narrative, that the lovers of gw)d biography 
can not hear of it too soon. We can not conceive a more fascinating story 
of genius. To a style which would alone have sufficed to the production 
of an interesting and striking narrative, Mr. Holmes unites a depth of 
knowledge and musical appreciation very rare and remarkable. We thank 
him cordially for a most pleasing addition to our standard tnographical lit- 
erature.— ficamtner. 

The book is one of extraordinary interest, not merely to the lovers of 
music and appreciators of the great compMer, but to the general reader, as 
a rivid picture of the life of a man of genius, who encountered all the dif- 
ficulties, trials, and sufferings usually the lot of genius when it comes be- 
fore a world incapable of appreciating it, and indifferent to its welfare. The 
domestic jxirtions of the book are invaluable ; his relations to his father and 
his wife are very beautiful. The work is admirably executed, as w^l in the 
scientific as anecdotical passages, and is worthy of the widest sale.— JVevA. 
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4 HABPER S NEW MISCELLANY 

V. 

The Practical Aatronomer: 

COMPRISING ILLUSTRATIONS OF LIGHT AND COLORS; 
PRACTICAL DESCRIPTIONS OP ALL KINDS OP TEL- 
ESCOPES, &C., WITH DESCRIPTIVE ACCOUNTS OP 
THE EARL OF ROSSE's LARGE TELESCOPES, AND 
OTHER TOPICS CONNECTED WITH ASTRONOMY. 
BY THOMAS DICK, LL.D., 

AUTHOR or TBK " CHRISTIAN PHILOSOPHER," *' CELESTIAL SCENERY." 
**THB SIDEREAL HEAVENS," Ac. 

100 Engravings. 12mo, Muslin, extra gilt, 50 cents. 

The tuune of the distinguished aathor of this work is a saflicient pass- 
port to pttblio favor and a sure gfuarantee to its sterling value, and those 
who have read Dr. Dick's former works will need no recommendatioa of 
this book by us. He is not only an original and profound observer of na' 
' tare, but truly a roost excellent Chriatian philosopher, wfaftse powers of in- 
tellect and expanded views of the character of the great Architect of the 
universe are so eminently caJcalsted to direct the mind not alone to the 
grandeur, the magnificence, and sublimity of the laws and principles el 
the material world, bat to look through nature up to *' Nature's God." U 
is truly a valuable work.— Farmer and Mechanic. 

The merits of this work are of the highest order ; Dick is one of the 
profoundest and purest of modem philosophers. — Western Continent. 

Here is the ninth volume presented by this gifted author to the public : 
he aim of all of which has been to simplify sciences which before have 
been too often considered as every way tUfove, and therefore unworthy of 
the attention of ordinary readers. It is specially addressed to private stu ^ 
dents and the higher schools, and comprises a large amodnt of new and 
valuable matter connected with astronomy, and pointing out ways in which 
the more humble student can in the b^st way improve the advantages.placed 
in his way. — AtAum Journal. 

Let not the inquisitive fear that the intricacies Qf sciences or the techni- 
calities of language will obstrnct the pleasure they will derive from the 
study of this book ; for the clearness of the author's style, and the elucida' 
tion of the one hundred engravings, render it within the scope and compre- 
hension of every intelligent student. — Industrial Record. 

The copious use of engravings ^nd of pictorial illustrations, together Witb 
the plain, popular explanations, render this book a truly practical work. 
Dr. Dick is not only thoroughly scientific, but he knows well bow to render 
his acquisitions available to the great body of common readers, by his ac- 
curate method and clear descriptions. — Watchman. 

We have always been an admirer of the writings of this gentleman, and 
popularity keeps on his side wherever he is known. He is a profound- 
thinker and adevout Christian. His works all tend to illustrate the simple 
as well as the sublimest principles of philosophy, and while they instruct, 
can not fail to enlighten. The present volume comprises illustrations or' 
light and colors, practical descriptions of all kinds of telescopes, the use of 
the equatorial-transit, circular, and other astronomical instruments, and 
other topics connected with astronomy. It is illustrated by 100 engrav- 
ings, and will be found a most valuable book for all classes, but particularly 
as a work of instruction for yoaih.— Illustrated Magazine. 
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OP POPULAR STERLING LITERATURE. 5 

VI., vir. 
Tli0 Xpifb of Paul Jones. 

BY ALEXANDER SLIDELL MACKENZIE, U. 8. N. 
2 vols. 12mo, Portrait, Maslin, extra gilt, $1 00. 

The history of the naval adventures and victories of Paul Jones forms one 
of the most romantic chapters in the record of great deeds, and can not f&tl 
to attract general and ardent attention, since it relates to the ymy beginning 
of the American ntLYj.-^ Commercial Advertiser. 

The various biographies of Paul Jones now extant have been carefally 
searched by Mr. Mackenzie; as also the log books of Jones's various crai>. 
es and papers in possession of his heirs, with a view to procure a full ani* 
authentic collection of facts and incidents for the present work. Thus in 
dustriously compiled and stored, and that by an able hand, this edition must 
necessarily, as it does, possess considerable merit.— Philadelphia Chronicle 

Paul Jones will always be regarded as one of the meet daring and gallant 
heroes who ever made the ocean the theater of their exploits. Sach a 
name can never be forgotten by Americans, nor can the services which he 
rendered to the cause of American liberty, in its infant struggles, ev<}r pass 
into oblivion. No better biographer for such a character could have been 
foand than Captain Mackenzie. Familiar with all the details of seaman^ 
ship, possessing the same bold patriotism which made the career of his hero 
■o illustrious, and being an accomplished and vigorous writer, he has given 
us a most admirable biography.— Conner and Enquirer. 

This is a (^apital American biography, of an American naval hero, scarcely 
less renowned and no less gallant and gifted with an heroic spirit than Nel- 
son, the great British admiral. There is scarcely a more stirring life in 
the whole compass of literature than that of Jones ; and the important part 
he played in giving force and almost life itself to the American navy, their 
in ibi earliest infancy, renders his history peculiarly interesting and attract 
ive. No man certainly ever performed more gallant exploits, and few have 
rendered more important service to the cause of freedom than he. Many 
of his actions for bravery, skill, and the performance of almost incredible 
deeds, by apparently the most inadequate n|eans, are scareely rivalled by 
any thing in the records of naval history. His life should be familiar to 
American readers; and in the elegant, forcible, and graphic style of Com- 
mauder Mackenzie it can not fail to be universally read.— 7Vim Sun. 

We are glad to see the life of this celebrated man by one competent to 
write it. His adventures border so much on the marvelous that one is glad 
to be sure of reading only what is authentic, and that written in a style and 
language becoming the subject. There is a good moral lesson conveyed in 
this life of Paul Jones.— CAmtion Advocate and Journal. 

The name and achievements of Paul Jones are indissolubly connected 
with American history ; and his renowned deeds, which made him the ter- 
ror of the coast of Britain, are among the most romantic in the annals of 
naval warfare, and impart to this work the highest interest. This is the 
most complete and authentic biography of Commodore Junes ever published, 
as all accessible materials have been collected, i^nd are used by Commander 
Mackenzie with the ability and tact which he possesses as an accomplished 
scholar and an oflScer, accomplishments which peculiarly qualify him to 
write naval biography. A fine portrait of this true naval hero will be found 
in the first volume.- J?aZ/»more American. 

We have read it with some care, and compared it with other biographies, 
and think it greatly superior to any yet published. It contains a full nar- 
rative of all the important events in Jones's eventful career, and yet is lest 
voluminous than previous works.— Highland Courier. 
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6 HAEPER^S NEW MISCSLLANY 

VIII. 

Tlie Asoenft ot Bloimt Armra% 

(ACHIEVED FOB THE FIBST TIME), 

BY DR. FRIEDRICH PARROT. 
TRANSLATED BY W. D. COOLEY. 

12mo, Map and Wood-cuts, Maslin, extra gilt, 50 cents. 

This ii a most interesting book, both in its description of the country and 
inhabitants of Central Asia, and in its connection with the remarkable event 
of our waM—the Flood. Monnt Ararat, which was ascended by M. Par- 
vot, must ever possess to the Biblical reader mQst intense interest, as the 
resting plaoe of the ark after the nniversardeluge.— Ptf(«&tir^A Chroniele. 

A work destined, from the intrinsic interest of the sobject, and the full- 
ness of detail which is spread before the reader, to a very wide circulatioa. . 
The idea of ascending Mount Ararat seems to have risen with the traveler 
to a passion ; previous travelers had never accomplished it ; the natives of 
the region looked upon it as impossible ; their superstition regarded the 
inaecessible summit as the mysterious resting place of the ark to this day. 
How Dr. Parrot approached the region, what adventures he met with by 
the way, what manners and customs he witnessed, how he twice essayed 
to reach the 'sacred peak and turned back, and how on a third attempt he 
aooomplished the feat through difficulties the recital of which has led sci- 
entific nen still to doubt if the ascent were really performed — may all be 
read in this compact volame, illustrated by maps and engravings, with every 
aid to the reader's comprehension. — JVeto«. 

Hardly a snfajeet could have been selected more stirring in its character 
than " A Journey to Ararat.*' Held in equal veneration by Jew, Christian, 
iAd Mohammedan, and regarded with superstitious feelings even by the par 
gan, that mountain has always enjoyed a degree of celebrity denied to any 
other. Sinai, and Horeb, and Tabor may have excited holier musings ; bat 
Aivat " the mysterious"— Ararat, which human foot had not trod after the 
reatorer of our race, and which, in the popular opinion, no human foot would 
be permitted to tread till the consummation of all things— > Ararat the holy, 
which wineed cherubim protected against the sacrilec^ious approach of mor- 
tals, and which patriarchs only were permitted to revisit, appeared in many 
reapocts an diject of curiosity as unique as it was exciting.— X«oiMioa Atht' 



It is a highly entertaiaing work, embodying much historical, geographic 
eal, and scientific information, and conveying a knowledge of the character, 
habits, and manners of the people ^rnong whom the author traveled. The 
ascent of Mount Ararat is so very difficult that many persons have doubted 
whether the feat was accomplished by Dr. Parrot, but his acknowledged 
integrity ought to place his claims in this respect above suspicion. The 
lovers of bold adventure will find in this volume much to gratify their pe- 
culiar taste, and the general reader can hardly fail to be pleased with it.— 
Neto York Trilnuu, 

This volume has claims upon the public, as a scientific and truly valuable 
work, which have been possessed by few others. It is, in fact, the con- 
densed narrative of an exploring expedition sent out by the Russian j:ov- 
emment into the re^rion about Mount Ararat, a region which possesses 
more interest for scientific men, perhaps, than any other in the world 
which has been so little explored. — New York Courier. 

It reads more like the travels of Von Humboldt than any book we havv 
lately read. The writer is a man of science and observation, and the boo]( 
we reoommend to the public— Low^tt Courier. 
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OP POPULAB STERLING LITERATURE. 7 
IX. 

Bemarkable Criminal Trials. 

TRANSLATED FROM THE GERMAN OF FEUERBACH, 
BY LADY DUFF GORDON. 

12mo, Muslin, extra gilt, 50 cents. 

A book of thrilling interest ; one that can not fail to be read with avid- 
ity. — Neto York Courier. 

Thie work abounds with singular cases of criminal jurisprudence in Ba- 
varia, of the most astounding and thrilling interest, the details of whiph are 
of remarkable character, and differ essentially from those hitherto familiar 
to the public in England or this country. They are fully equal, in their 
absorbing interest, to any thing in the famous " Causes Celebres** of France ; 
■nd, perhaps, for their unique and striking features, are unexcelled by any 
delineations oC crime elsewhere on record. — True Sun, 

Public attention was first drawn to this work by an able and interesting 
article in the Edinburgh Review. They are all narratives of marvelous in- 
terest—more strange and wonderful, many of them, than any work of fic- 
tion, and giving to the reader a clear view of the nature and peculiarities 
of the criminal jurisprudedco of Germany.— iV. Y. Commercial Advertiser. 

Its illustration of the many curious customs of German criminal jurispru- 
dence will be sufficiently startling to the English reader ; but, apart from 
this, the extraordinary subtle discrimination thrown into the narrative of 
each particular crime gives to the volume, as a mere story book, the intel- 
lectual interest, the passion, and all the rich and various coloring of a phil- 
osophical romance. The translation is excellent, and a judicious oomprea- 
sion of the original has added much to the efiect. — London Examiner. 

The narratives abound with thrilling interest, setting forth the constant 
xecarrence of crime, detection, and punishment, in which the attention of 
the reader is roused by the novelty of the scane, and rewarded by the light 
thrown upon the darkest portion of human nature.— JVeto Bedford Mercury, 

This work has been so highly extolled by the Edinburgh Foreign Quar- 
terly and other reviews, that not much need be said of its character and 
claims to public notice. It presents some of the most remarkable stories of 
horrible crimes and their exposure we have ever met, and gives a very clear 
and virid conception of the peculiarities of German criminal jurisprodeuce. 
It is a book which will be universally read, as one of the most thrilling and 
absorbing interest. The transUtor has given in the preface a very good 
account of the criminal law of Germany, and has selected only those por- 
tions of the original work which will have the greatest value and interest. 
— Mirror. 

This book is of an entirely different character from works of a similar title 
that have hitherto appeared. It contains an account of fourteen trials for 
murder in Germany, and the object of it is to show the peculiar mode of 
trial instituted by the Bavarian code. — Evening Gazette, 

The records of crime are not usually a profitable kind of reading. The 
eontagion of the example is generally greater than the warning of the fate 
of the criminal; and many a villain has been made by the very means taken 
to keep him from crime. But as much depends on the manner of the nar- 
rative, and as it is possible to extract some of the gravest lessons of virtue 



and wisdom from the misdeeds of others, it gives us pleasure to state that 
the present work is unexceptionable in this respect, while the cases posses" 
extraordinary interest, and are replete with instruction. Thev afford much 



insight of human motives, and teach impressive lessons of the retributive 
justice of Providence, and the misery and evil of sin.— fft62tca{ Repository . 
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8 IIARPERiS NEW MISCELLANY. 

X., XI. 

jrournal of Hesearches 

INTO THE NATURAL HISTORY AND GEOLOGY OP THE 
COUNTRIES VISITED DURING THE VOYAGE OP H. 
M. S. BEAGLE ROUJ^D THE WORLD. 

BY CHARLES DARWIN, M.A., F.R.S. 

2 vols. 12mo, Muslin, extra gilt, $1 00, 

This is another most valuable rontribation to the cause of popular educa' 
fton, issued in Harper's New Miscellany; a series that bids fahr to surpass 
even their Family Library in the sterling excellence and popularity of the 
works which it renders accessible to all classes of the community. The 
work contains, in a condensed and popularized form, the results of the Brit- 
ish Exploring Expedition, which Mr. Darwin accompanied at the special 
instance of the lords of the Admiralty. The voyage consumed several 
^ears, and was performed at, a very heavy expense on the part of the Brit- 
ish government. Yet here we have its most important results, divested of 
all scientific technicalities, and presented in a form at once attractive and 
accurate. The work is entitled to secure a very wide circulation. It con- 
tains an immense amount of information concerning the natural liistory of 
the whole world, and is superior, in point of interest and value, to any simi- 
lar work ever published. — New York True Sun. 

A work very neatly issued, and has the interest of a leading subject well 
developed, the unfailing secret of producing a book of character. In the 
present state of the world, wkeu new countries are opening every day to 
the great conqueror. Commerce, such publications are of unusual import- 
ance. Perhaps no information, just now, can be of more consequence to ns 
than that which puts us in possession of the movements of English discov 
ery.— News. 

This is a most valuable and a most interesting work ; one which com- 
bines true scientific worth with the graces of style suited to render it pop- 
ular,, better thaa almost any similar work which has recently come under 
our notice. The vojpage.of the Beagle was, in truth, a scientific exploring 
expedition ; and Mr. Darwin arcumpanied it at the special request of the 
lords of the Admiralty. Its results have been puMished in several very 
elaborate, extensive, and costly volumes in England ; but as these were en- 
tirely beyond the reach of the great mass of the reading public, Mr. Dar- 
win prepared these volumes, in which all the important results of the ex- 
pedition are fully, clearly, and distinctly presented, interwoven with a most 
entertaining narrative of personal incident and adventure.— iV. Y. Courier. 

This is a work of remarkable interest and value. The author, in circum- 
navigating the world, under commission of the British government, for sci- 
entific and exploring purposes, visited nearly every country on the globe, 
and preserved in this brief, simple, but beautiful narrative all the singular 
facts of a scientific, social, or geographical nature which are of general in- 
terest. The amount of information condensed in these volumes is incred- 
ible ; and the skill with which the useful and interesting is selected from 
that which is unimportant or well known is admirable. We admire the 
style, the straightforward sincerity of the writer, the apparent candor, and 
the erudite research which he uniformly exhibits. Without one quarter 
of the bulk or pretension of our famous exploring expedition, the present 
work is hardly inferior to it in value and interest. This series is gaining a 
fins character, of which we hope the publishers will be jealous. — New York 
Evangelist, 
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